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ABSTRACT*
!
In!recognition!of!the! increasing!prevalence!of!diabetes! in!Brunei,!and!the!expected!
increase!in!diabetic!retinopathy!(DR),!primary!health!centre!based!DR!screening!was!
introduced!in!2006!for!seven!health!centres!in!the!BruneiYMuara!district.!The!Brunei!
National! Prevention! of! Blindness! from! Diabetic! Retinopathy! is! a! policy! document!
calling! for! DR! screening! to! be! made! systematic! at! a! national! level.! However,! the!
effectiveness! of! the! model! in! practice! was! not! evaluated! and! the! DR! screening!
programme! was! launched! without! a! baseline! survey! and! situation! assessment.!
Consequently,! the! responsiveness! of! the! health! system! to! embed! a! systematic!
approach!to!DR!screening!has!faced!many!constraints!and!was!slow!to!evolve.!This!
study!has!provided!evidence!to!support!the!implementation!of!the!policy!document!
and!baseline!information!on!the!gaps!and!challenges!within!the!key!service!provision!
stages!for!DR!screening!and!treatment.!!
!
The!overall! objective!of! this! thesis!was! to!evaluate! the!DR! screening!model! in! the!
BruneiYMuara!District.!Results!from!this!study!suggest!that!the!DR!screening!model!
in!BruneiYMuara!is!partially!systematic.!The!main!findings!showed!that!key!processes!
are! in! place! at! different! stages! of! DR! screening! and! treatment! and! that! sufficient!
resources! have! been! allocated! to! detect! sight! threatening! diabetic! retinopathy!
(STDR)!at!primary!health!centres!(PHCs)!and!to!treat!STDR!at!the!national!eye!centre!
(NEC).!This!was!supported!by!the!good!DR!annual!screening!uptake!rates!(77%)!and!
low! DR! prevalence! rates! (5.8%)! reported! in! this! study.! However,! the! lack! of!
monitoring!of!both! the! implementation!processes!and! screening!effectiveness!was!
viewed!as!key!limitations!in!the!programme.!This!was!evident!through!process!gaps!
observed! throughout! the! DR! screening! and! treatment! pathway! including! the!
identification!of!patients!for!screening!at!PHCs,!GP!to!DR!referral!process,!referral!for!
treatment! processes! to! NEC! and! disease! registers! that! were! not! integrated! and!
lacked!accuracy.!This!was!also!backed!by!evidence!that!DR!screening!coverage!rates!
were!low!(56%)!across!all!health!centres.!!
!
Based!on!a!generic!framework!to!analyse!development!of!DR!screening!programmes!
used! in! this! study,! the! existing! screening!model! could! be! enhanced! by! improving!
! 4!
screening! coverage! rates,! universal! access! to! DR! treatment,! trained! and! certified!
workforce,! implementation! of! a! call! and! recall! system! and! systematic! digital!
photography!screening!system.!However,! further!studies!are!required!before!these!
recommendations!could!be!implemented.!!
! *
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INTEGRATING(STATEMENT(*
!
The! Doctor! of! Public! Health! (DrPH)! programme! was! an! enriching! fourYyear!
programme!that!has!provided!me!with!both!knowledge!and!skills!to!understand!the!
different! issues! and! complexities! within! the! public! health! realm! and! beyond.! I!
underwent! three!different!but! interlinked! learning! components! that!were! catering!
to!equip!public!health!leaders!to!make!sense!of!the!complex!public!health!issues!of!
in!an!increasingly!globalised!society.!The!DrPH!programme!has!equipped!me!with!a!
‘public! health! analyst’s! toolbox’! to! practice! evidence! informed! public! health!
policymaking.!These! included!skills!to!critically!assess,!synthesise!and!communicate!
research!evidence!to!inform!policy!making;!to!analyse!the!structure!and!function!of!
health!care!organisations;!to!conduct!research!studies! in!a!systematic!and!rigorous!
manner! and! to! raise! selfYawareness!of!oneself! as! a! change!agent! and!of!others! in!
public!health!through!selfYdirected!personal!and!professional!development.!Through!
ongoing!reflexive!learning,!I!continue!to!use!and!refine!this!newly!acquired!‘toolbox’!
in!my!own!work!setting!in!the!Ministry!of!Health!to!improve!public!health!practice!in!
Brunei.!
!
The! Evidence! Based! Public! Health! Practice! (EBPHP)! embodies! the! concept! of!
‘evidence! informed! policy! making’.! In! this! study! component,! I! have! learnt! of! the!
merits! of! systematically! identifying,! analysing! and! synthesising! research! evidence!
and!of!equal!importance,!to!shape!it!into!a!specific!context!of!the!policy!process.!The!
relationship!between!evidence!and!policy!process!is!complex!and!different!theories!
have!been!postulated!(1).!
!
The!Health! Policy! Triangle! (2)! is! a! useful! conceptual! framework! that! I! have! learnt!
about!in!deciphering!the!complex!relationship!between!evidence!and!policy!making.!
This! framework!was! developed! on! the! premise! that! policy! analysis! should! not! be!
isolated! in! evaluating! policy! content! alone.! Proponents! of! this! framework! suggest!
that!evidence!adopted! in!health!policies! is! in!part!driven!by!different!policy!actors!
having!diverse!interests!and!influence;!and!they!are!in!turn!influenced!by!the!policy!
environment! (3).! Retrospectively,! understanding! policy! processes! within! the!
complex! health! policy! environment! is! vital! in! understanding! why! policies! were!
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adopted! (agendaYsetting).! Moreover,! if! applied! prospectively,! the! framework! can!
help!in!establishing!factors!that!contribute!to!successful!policy!implementation.!
!
A! key! component! in! understanding! the! health! policy! environment! is! by! exploring!
how! health! organisations! function! and! operate! in! delivering! its! public! health!
mandate,! a! key! policy! actor.! This! was! a! key! learning! point! in! the! Leadership,!
Management!and!Professional!Development!(LMPD).!This!module!introduced!me!to!
different!management! theories! that! described! the! diverse! nature! of! organisations!
and! how! leaders! help! shape! the! functioning! of! such! organisations.! Various!
management!tools!were!also!introduced!in!the!module!to!understand!organisations.!
One! such! tool! was! the! McKinsey! 7S! framework! which! proposes! that! analysis! of!
organisations! should! not! be! limited! by! just! assessing! structure! but! by! breaking! it!
down!into!seven!different!but! interlinked!components!(4).!The!holistic!approach!of!
this!framework!is!beneficial!in!understanding!the!nature!of!health!organisations!that!
are!rarely!homogenous.!As!a!whole,!public!health!care!organisations!are!expected!to!
collectively! deliver! a! common!mandate! (improving! health! care)! under! a! common!
budget! system.! However,! individual! units! within! the! organisation! are! often!
organised! to! serve! different! purposes! and! therefore,! place! unique! demands! on!
resources.! By! breaking! down! the! organisation! into! the! different! components,!
structure,! strategy,! skills,! staff,! styles,! systems!and!superordinate!goals,!a!common!
strategic! goal! of! the! organisation! can! be! collectively! identified! and! communicated!
across!the!different!functional!units!to!deliver!one!effective!strategy.!!
!
As!with!the!policy!process,!organisational!mandates!are!determined!by!leaders!and!
managers! of! the! different! units! within! the! organisation.! Therefore,! gaining! an!
understanding!of!the!organisation!culture!and!interactions!between!functional!units!
within!the!organisation!is!required.!Another!tool!that!was!offered!in!this!module!to!
facilitate!the!understanding!of!organisational!behaviour!is!personal!and!professional!
development! skills.! The! application! of! personality! tests! such! as! the! Myers! Briggs!
Type!Indicator!(MBTI)!test!(5)!gave!me!the!opportunity!to!discover!my!personal!traits!
and!also!to!promote!emotional!awareness!of!others.!Although,!the!test!has!its!own!
limitations! (6),! it! has! helped!me! to!be!more! selfYconscious! in! communicating!with!
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colleagues.! This! interpersonal! awareness! or! emotional! intelligence! (7)! has! been!
viewed!by!its!proponents!as!an!essential!skill!in!facilitating!effective!communication!
in!organisations.!!
!
The!Organisational! Policy! Analysis! (OPA)! is! a! component! of! the!DrPH! programme,!
which!was!a!threeYmonth!professional!work!experience,!aimed!at!consolidating!the!
learning!of!different!theories!introduced!in!the!EBPHP!and!LMPD!modules.!I!chose!to!
conduct! the! OPA! with! the! Health! Promotion! Centre,! Ministry! of! Health! (MOH),!
Brunei.!The!OPA!coincided!with!the!launching!of!a!national!health!promotion!policy!
document!that!provided!me!the!opportunity!to!observe!how!the!Ministry!of!Health!
negotiated! with! other! external! stakeholders! to! deliver! its! health! promotion!
initiatives.!!
!
I!chose!to!use!the!Health!Policy!Triangle!framework!to!understand!how!NCD!policies!
were!developed!at!the!MOH!and!found!the!application!of!the!framework!useful!as!a!
generic!structure!to!conduct!policy!analysis.!The!framework!gave!me!the!flexibility!to!
analyse! individual! components! (policy! content,! context,! process! and! actors)! using!
different!research!tools!such!as!semiYstructured!interviews!and!document!review!in!
the! analysis! and! management! tools! (stakeholder! and! SWOT! analysis)! and! to!
collectively!assess!relationships!between!key!findings!of!individual!components.!!!!!
!
Analysing! policy! content! was! a! huge! challenge! in! the! OPA! primarily! due! to!
accessibility! of! documents.! Interestingly,! the! lack! of! access! to! documents!was! not!
due!to!bureaucratic!processes!but!mainly!due!to!poor!archiving!of!documents.!Most!
were! unavailable! despite! initiatives! to! collate! them.! Lack! of! policy! documentation!
meant! that! content! analysis! performed! in! the!OPA!was! restricted! to! three! from!a!
potential!thirty!three!policy!documents!that!were!relevant!to!NCDs.!!
!
Stakeholder! analysis! was! used! to! identify! and! analyse! the! roles,! interactions! and!
influences! of! different! policy! actors.! Structured! observations! of! different! events!
organised!as!part!of!the!launching!of!the!National!Health!Promotion!Blueprint!gave!
me! several! opportunities! to! observe! different! interactions! between! different!
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departments! within! MoH,! as! well! as! with! different! external! stakeholders! such! as!
NGOs,!local!university!and!other!government!ministry!representatives.!!
!
The!MoH’s! role!observed! in! the!OPA!was!essentially! to!serve!as!a!policy!mediator,!
negotiating! interests! and! influence! of! its! internal! and! external! actors.! It! was!
observed! that!participation!by! the!external! agencies! in!health!promotion!activities!
was! limited! by! different! factors,! which! included! political,! structural! (majority! of!
policy! actors! adopted! highly! hierarchical! structures! contributing! to! prolonged!
decision!making)!and!culture.!Internally,!organisational!silos!affected!participation!by!
different! units! within! MoH! in! promoting! NCD! health! promotion! initiatives.! In!
addition,! the! roles! of! key! actors! were! unclear! and! there! were! also! missed!
opportunities!by!not!involving!“hidden!actors”!relevant!to!NCDs.!!
!
The!experience!of!conducting!policy!analysis! in!the!OPA,!built!upon!the!theoretical!
knowledge! acquired! in! the! EBPHP! module,! reinforced! my! understanding! for! the!
need!of!reliable!evidence!to!inform!policies.!This!concept!was!further!emphasised!in!
the!final!component!of!the!DrPH!Programme,!the!DrPH!Research!Project.!!
!
The! DrPH! Research! project! emphasised! the! development! of! practical! skills! for!
planning!and!conducting!research.!This!was!achieved!through!an!iterative!process!of!
refining! research! question,! literature! review,! developing! study! methodology,!
conducting!analysis!and!reporting!of!study!findings!that!was!supported!by!members!
of!academia!with!different!expertise.!The!concept!of!scientific! rigour! in!conducting!
research!was!emphasised!throughout!the!different!stages!of!the!research!project.!!
!
The! DrPH! review! was! a! process! of! evaluating! research! readiness! conducted! by! a!
committee!of!experts!prior!to!conducting!field!research.!The!experience!of!preparing!
the!review!document,!presenting!it!in!a!seminar!and!postYseminar!meeting!enabled!
me! to! refine! my! research! focus! and! methods.! In! retrospect,! the! constructive!
feedback!provided!by!the!DrPH!committee!led!me!to!shift!my!research!focus!from!a!
costYeffectiveness! study! to! an! evaluation! study,! providing! me! with! more!
opportunities!to!do!more!fieldwork.!!
!
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In! the! OPA,! I! adopted! a! mixed! method! approach! comprising! semiYstructured!
interviews!(SSI)!and!document!review.!Adopting!a!similar!mixed!method!approach!in!
the!DrPH!research!allowed!me!to!refine!my!research!methods!and!improve!my!data!
collection!skills.!The!experience!of!conducting!SSI!in!the!OPA!gave!me!the!confidence!
to!further!improve!the!way!of!developing!topic!guides!and!refine!my!interview!skills.!
In! addition,! through! a! better! understanding! of! grounded! theory! and! facilitated! by!
using!NVivo!software;!I!was!able!to!further!develop!my!skills!in!analysing!qualitative!
data.!!
!
In!summary,!the!DrPH!programme!has!equipped!me!with!the!knowledge!and!skills!in!
policy!process,!organisational!management!and!research!skills! required!to! improve!
public! health! practice! in! Brunei! based! on! in! an! allYencompassing! concept! of!
“evidence!informed!policy!making”.!!
!
!
!
!
! !
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1. Introduction*and*literature*review 
1.1! Diabetes!mellitus!and!diabetic!retinopathy!
!
Diabetes! Mellitus! (DM)! is! a! group! of! heterogeneous! disorders! presenting! with!
common! elements! of! hyperglycaemia! and! glucose! intolerance,! associated! with!
insulin! deficiency,! impaired! effectiveness! of! insulin! action,! or! both! (8).! DM! is!
classified! into! four! types! (9):! Type! 1! DM! (juvenile/insulin! dependent),! Type! 2! DM!
(adult!onset/!nonYinsulin!dependent),!gestational!DM!and!other!specific!types.!
!
Diabetic!retinopathy!(DR)!is!a!chronic,!progressive!complication!of!diabetes!mellitus!
that!affects!the!microvasculature!of!the!retina,!which!if!left!untreated!can!potentially!
result! in! sight! loss.! Both! type! 1! and! type! 2! diabetics! are! affected,! although! their!
progression! rates! differ! (10).! Sight! loss! can! also! occur! centrally! due! to! macular!
oedema! (MO),!which! is! the! thickening! and! swelling! of! the!macular! caused! by! the!
accumulation!of!fluid!and!protein!deposits!on!or!under!the!macula!of!the!eye.!
!
DR!disease!progression:!the!disease!pathway!!
!!
Figure!1Y1!depicts!the!progression!of!DR!over!time!viewed!through!funduscopy.!The!
DR!disease!pathway!is!complex!and!clearly!defined!(Figure!1Y2).!The!early!stages!of!
the! retinopathy! (nonYproliferative)! are! nonYsight! threatening! with! minor!
microvascular! changes! and! microYaneurysms.! These! stages! are! described! as! nonY
sight!threatening!diabetic!retinopathy!(NSTDR).!However,!with!disease!progression,!
the!walls!of!retinal!blood!vessels!weaken!and!lead!to!localised!bleeding!(dot!and!blot!
haemorrhage)!and!leaking!(oedema!and!exudates).!In!response!to!the!lack!of!oxygen!
caused!by! the! compromised!blood! flow! in! the! retina! tissue,! new!but! fragile!blood!
vessels! will! grow! (neoYvascularisation)! along! the! retina.! At! this! advanced! stage!
(proliferative),!the!condition!is!considered!sight!threatening!and!without!any!active!
treatment,!DR!will!eventually!lead!to!irreversible!blindness!from!haemorrhages!and!
retinal!detachments.!Sight!loss!can!also!occur!at!any!DR!stage!if!macular!oedema!is!
present.!These!stages!are!defined!as!sight! threatening!diabetic! retinopathy! (STDR).!
The! central! challenge! is! that! retinal! changes! are! mainly! observable! through!
funduscopy! and! patients! often! remain! asymptomatic,! even! till! late! into! the! sight!
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threatening!stages.!This!makes!it!pertinent!for!any!DR!screening!programme!to!have!
the!capability! to!detect!DR!at! the!earliest!stages!so!as! to!prevent! irreversible!sight!
loss.!!
*
Figure*1X1Progression*of*diabetic*retinopathy*
!
Figure!1Y2!Diabetic!retinopathy!disease!pathways!
!
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1.2! Epidemiology!of!diabetes!mellitus!and!diabetic!retinopathy!
!
Prevalence!of!DM!and!DR!
The! prevalence! of! DM! is! increasing! rapidly! worldwide! (Figure! 1Y3).! According! to!
recent! estimates! by! the! International! Diabetes! Foundation! (IDF),! the! global!
prevalence! of! DM! (20! –! 79! years)! is! 8.3%! (11).! It! is! estimated! that! by! 2030,! 366!
million! people! globally! will! be! affected! by! the! condition.! In! the! Western! Pacific!
Region,! the! adjusted! prevalence! of! DM! (20! –! 79! years)! is! 10.1%! (8).! The! IDF!
estimates!that!the!prevalence!of!DM!in!Brunei!(20!–!79!years)!in!2011!was!8.58%!and!
is!expected!to!increase!to!10.4%!by!2030!(11).!!
!
The!increasing!prevalence!of!DM!is!closely!linked!to!the!prevalence!of!DR.!Although!
DR!prevalence!varies!in!different!settings,!estimates!suggest!that!15!–!43%!of!people!
with!diabetes!are!likely!to!have!DR!(Table!1Y1).!In!a!study!that!pooled!individual!data!
from! several! population! based! studies! from! 1980! –! 2008! (12),! the! global! DR!
prevalence! (20!–!79!years)!was!estimated! to!be!34.6%! for!any!DR,!of!which!10.2%!
was!estimated!to!be!sightYthreatening.!!!
!
DR!and!visual!impairment!
DR!is!one!of!the! leading!causes!of!blindness! in!the!working!population.! In!a!recent!
study,!DR!was!estimated!to!contribute!towards!1%!of!global!blindness!(13)!(Table!1Y
2).! However,! this! is! likely! to! rise! as! the! prevalence! of! DM! continues! to! increase,!
ageing!of!the!population!and!other!causes!of!blindness!such!as!cataracts!are!brought!
under!control.!
!
Incidence!and!DR!risk!factors!
!
DR!incidence!rates!derived!from!the!findings!of!the!Wisconsin!Epidemiologic!Study!of!
Diabetic!Retinopathy!(WESDR)!demonstrated!that!the!overall!incidence!of!any!DR!in!
a!10!year!interval!from!1980!–!1982!to!1990!–!1992!was!74%!(14).!In!the!same!study,!
among! those! diabetics! with! DR! at! baseline,! 64%! had! severe! nonYproliferative!
retinopathy! and! 17%! developed! progressive! diabetic! retinopathy! (PDR).! These!
figures! were! 89%,! 76%,! and! 30%,! respectively! among! the! youngerYonset! group!
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(diagnosed!<!30!years);!and!67%,!53%,!and!10%,!respectively,!among!the!olderYonset!
group!who!did!not!use!insulin.!In!the!25!year!followYup!of!the!WESDR!type!1!diabetes!
group,!the!majority!of!patients!(97%)!developed!DR,!and!of!these,!42%!progressed!to!
PDR,! 29%! developed!macular! oedema! (MO)! and! 17%!had! clinically! significant!MO!
(15).!
Longer! diabetes! duration,! higher! haemoglobin! A1c! and! higher! blood! pressure! are!
established! risk! factors! highlighted! in! several! studies! (16! –! 23).! In! the! Beijing! Eye!
study,! DR! was! also! found! to! be! higher! in! diabetic! patients! on! insulin! treatment!
compared!to!other!treatments!(diet,!tablet)!and!was!also!associated!with!living!in!a!
rural!region!(24).!!
STDR!was! also! associated!with! chronic! kidney! disease,! cardiovascular! disease! and!
previous! strokes! (12),! an! indication! of!widespread!microvascular! pathology.! Other!
associated! factors! such! as! obesity,! hyperlipidaemia,! pregnancy! and! ethnicity! have!
been! associated!with! DR,! however,!more! populationYbased! studies! are! needed! to!
understand!them!(25).!!
In!a!systematic! review!of!28!studies,!a!decline! in! incidence!rates! for!PDR! (2.6%!vs.!
19.5%)!and!severe!visual!loss!(3.2%!vs.!9.7%)!was!reported!at!4!years!between!2!time!
periods! (1986! –! 2008! and! 1975! –! 1985)(26).! It! was! suggested! that! the! observed!
decline!might!be!due! to! improved!awareness!of!DR! risk! factors,! early! intervention!
and! initiation! of! treatment! and! improved!medical! management! of! glucose,! blood!
pressure! and! serum! lipids.! However,! these! studies! were! based! on! data! from!
developed! countries! and! the! authors! acknowledged! that! the! limited! number! of!
studies!used!in!the!review!significantly!affected!their!findings.!!
!
Although!these!findings!shows!some!promise!in!the!global!initiative!to!prevent!sight!
loss! from!DR,! it!may!not!be!generalizable! to!countries!with! limited! responsiveness!
within! their! health! systems,! such! as! Brunei;! where! diabetic! screening! remains!
opportunistic! and! the! effectiveness! of! glucose! control! and! blood! pressure!
interventions!are!unknown.!!!!
!
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Economic!cost!of!DR!!
In!2004,!a!US!based!study!estimated!the!economic!costs!of!different!visual!disorders!
including! diabetic! retinopathy! (27).! Direct! medical! costs! for! diabetic! retinopathy!
were!US$!493!million.!This!was!much!lower!compared!to!medical!costs!for!cataracts!
(US$! 6.8! billion),! refractive! error! (US$! 5.5! billion),! glaucoma! (US$! 2.9! billion)! and!
AMD!(US$!575!million).!The!study!also!highlighted!that!the!majority!of!direct!medical!
costs!were! outpatient! costs! and! in! patient! costs!were!minimal.! In! addition,! it!was!
also! noted! that! the! costs! of! diabetic! retinopathy!were! lower! among! older! patient!
groups! (65! years)! compared! to! the! younger! patient! group! (40! to! 64! years).! In!
contrast,! costs!of!AMD!and! cataracts!were! significantly!higher! in! the!older!patient!
group.! The! authors! have! attributed! the! lower! outpatient! costs! of! diabetic! care!
coupled! with! a! lower! number! of! diabetic! cases! in! the! older! group! for! these!
differences.! These! findings!highlight! the! affordability! of! diabetic! care! compared! to!
other! eye! conditions.! In! a! study! conducted! in! Sweden,! it! was! suggested! that!
healthcare! costs! attributed! to! DR! could! be! reduced! if! DR! progression! could! be!
prevented!(28).!In!addition,!it!was!shown!that!the!average!healthcare!costs!increase!
significantly!with!the!severity!of!DR,!further!emphasizing!the!importance!of!early!DR!
screening.!!
Prevalence!of!DM!and!DR!in!Brunei!
No!populationYbased!studies!have!been!conducted! to!document! the!prevalence!of!
DR!in!Brunei.!However,!in!a!SingaporeYbased!study!on!a!diabetic!population!aged!40!
–!80!years!of!Malay!ethnic!origin,!the!majority!ethnic!group!in!Brunei!(66%)(29),!the!
prevalence!of!DR,!MO!and! STDR!was! estimated! as! 35%,! 5.7%!and!9%! respectively!
(25).! The! IDF! estimated! the! prevalence! of! DM! in! Brunei! in! 2011! to! be! 8.6%! (8).!
Applying! these! figures! to! the! current! Brunei! population! estimate! of! 400,000! (29),!
suggests! there! are! an! estimated! 34,400! people! with! diabetes,! of! which! 12,040!
diabetic!patients!have!DR,!1,960!have!MO!and!3,096!have!STDR.!As!DM!prevalence!is!
expected!to!increase!to!10.4%!by!2030!(8),!these!projected!figures!will!be!expected!
to!increase!rapidly.!!
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Figure*1X3*Global*prevalence*of*diabetes*(2000*and*2030)*
!
!
Table*1X1*DR*Prevalence*figures*from*selected*population*based*studies*
Country* Year** All*DR* Ref*
Australia!(Blue!Mountains)! 1994! 32.4%! (30)!
China!(Beijing)! 2006! 27.9%! (24)!
China!(Handan)! 2006! 43.1%! (31)!
India!(Chennai)! 2005! 18.0%! (32)!
Singapore! 2006! 35.0%! (25)!
United!States!(Beaver!Dam)! 1990! 10.2%!
!
(33)!
!
!
!
!
!
!
! 24!
Table*1X2*Global*prevalence*of*visual*impairment*(by*cause)(13)*
!
!
Blindness! Visual!Impairment!
(Blindness!+!VI)!
Uncorrected!RE! 3%! 42%!
Cataract! 51%! 33%!
Glaucoma! 8%! 2%!
DR! 1%!
(0.39!million)!
1%!
(2.85!million)!
AMD! 5%! 1%!
Trachoma! 3%! 1%!
CO! 4%! 1%!
Childhood! 4%! 1%!
Undetermined! 21%! 18%!
!
DR!grading!classification!!
!
A!standard!grading!classification!can!be!used!to!describe!the!severity!of!the!disease!
that! is! observable! through! funduscopy.! In! addition,! together! with! recommended!
clinical!practice!guidelines,! the!grading!classification!can!guide!ophthalmologists! to!
determine!further!management!and!treatment!strategies!of!identified!DR!cases.!
!
Based!on!a!consensus!amongst!a!range!of!experts,!the!International!Clinical!Diabetic!
Retinopathy! and! Diabetic! Macular! Oedema! Disease! Severity! Scales! (34)! were!
developed.! Table! 1Y3! and!1Y4!depicts! the! fiveYstage!disease! severity! scale,! used! in!
this!grading!system.!NSTDR!(lowYrisk!to!sight!loss)!includes!a!range!from!no!DR,!mild!
NPDR!and!moderate!NPDR!without!the!presence!of!MO.!STDR!(high!risk!to!sight!loss)!
is! used! as! the! cutYoff! point! for! referral! for! further! treatment! and! includes! severe!
NPDR,!PDR!and!presence!of!MO.!!
!
Unlike!previous!classifications!(WESDR),!this!simplified!grading!scheme!was!designed!
to! accommodate! retinal! examinations! in!different! settings! (with!basic! training!and!
availability!of!equipment)!and!it!was!recommended!that!this!grading!could!be!based!
on!observations!on!dilated!ophthalmoscopy.!!
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1.3! DR!Treatment!
!
Success! of! DR! treatment! is! ensuring! that! the! retinopathy! is! detected! at! the! right!
stage! (through! screening),! followed! by! timely! intervention.! Options! available! for!
treatment! of! STDR! (PDR! and! MO)! include! laser! photocoagulation,! vitrectomy,!
intravitreal! pharmacotherapy! (antiYvascular! endothelial! growth! factor! (antiYVEGF)!
and!corticosteroids)!and!combination!therapy!for!MO!(intravitreal!pharmacotherapy!
and!laser!photocoagulation)(35).!!
Laser!photocoagulation! is!a!procedure!that!utilises!the!heat! from!a! laser!to!seal!or!
obliterate!abnormal,!leaking!blood!vessels!in!the!retina.!It!is!effective!in!slowing!the!
progression!of!PDR!and!accompanying!visual!loss,!but!the!treatment!usually!does!not!
restore! lost! vision.! Pan! retinal! laser! photocoagulation! has! been! shown! to! be!
effective! in! reducing! the! risk! of! moderate! to! severe! visual! loss! by! 50%! (36,37).!
Similarly,! the! effectiveness! of! focal! laser! photocoagulation! in! reducing! risk! of!
moderate!visual!loss!amongst!patients!with!clinically!significant!macular!oedema!has!
been!shown!(38).!
Vitrectomy! is!a!procedure!that! involves! the!surgical! removal!of! the!vitreous!within!
the!eye.!Vitrectomy!is!recommended!in!the!treatment!of!advanced!STDR!(including!
severe! PDR!with! fibrosis,! retinal! detachment! and! also!macular! oedema)(35).! Early!
vitrectomy! has! been! shown! to! be! effective! in! restoration! of! vision! restoration!
amongst!Type!1!diabetic!patients!with!severe!PDR!(39).!!
Adverse! effects! of! both! laser! photocoagulation! and! vitrectomy! have! been!
documented! including! visual! field! constriction,! night! blindness,! acute! glaucoma,!
retinal! traction!and! cataract! formation! (35).!As!a! result,! treatment!with! the!above!
mentioned!procedures!has!been!primarily! focussed!on!reducing!visual! loss!but!not!
restoring!it.!!
However,! in!recent!years,!several! treatment!options!have!been!explored!that!have!
changed! the! way! STDR! is! treated,! in! particular,! the! use! of! intravitreal! antiYVEGF!
injections! and! combination! therapy.! The! success! of! antiYVEGF! treatment! in! the!
treatment!of!MO!has!been!documented! in! several! studies! (40,!41)!and! it!has!now!
supplanted! focal! laser! photocoagulation! as! the! treatment! of! choice.! For! PDR,! the!
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treatment!of!choice!remains!laser!photocoagulation!as!there!is!not!enough!evidence!
to!support!the!effectiveness!of!antiYVEGF!over!panYretinal!photocoagulation(42,!43).!!
Another! emerging! treatment! for! MO! is! combination! therapy! (antiYVEGF,!
corticosteroids! and! laser! photocoagulation),! driven! by! factors! associated! with!
intravitreal! pharmacotherapy,! including! the! burden! of! repeated! intravitreal!
injections! (patients!and!provider’s!perspective)!and!medication!costs! (44).!There! is!
insufficient! evidence! to! support! the! effectiveness! of! combination! therapy! in!
addressing!the!above!mentioned! issues!and!more!studies!are!needed!before! it!can!
be!adopted!as!standard!clinical!practice!in!the!treatment!of!MO.!!
In! view! of! the! advances! in! different! treatment!modalities! highlighted! earlier,! it! is!
important!to!remember!that!DR!is!a!systemic!disease.!At!the!nonYsight!threatening!
stages,!intensive!blood!glucose!and!blood!pressure!control!is!still!the!most!effective!
strategy! to!prevent!DR!progression,!which!has!been!demonstrated! in! several! trials!
(23).!However,! findings! from! the!Action! to!Control! Cardiovascular!Risk! in!Diabetes!
(ACCORD)! trial! also! suggested! that! intensive! glycaemic! control! appeared! to! have!
increased!mortality!amongst!the!trial!participants!and!thus!raised!concerns!over!the!
management! of! patients! with! type! 2! diabetes! who! are! at! higher! risk! of!
cardiovascular! events! (45).! To! address! this,! effective! collaboration! between!
endocrinologist/general!practitioners!and!ophthalmologists! is!needed!in!the!halting!
DR!progression!at!this!nonYprogressive!stage.!!!!
!
!
!
!
!
!
!
!
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Table*1X3*Classification*stages*of*diabetic*retinopathy*(DR)*and*its*recommended*management*(34)*
DR!Severity!level! Fundus!Examination*! Recommended*action*
No!DR!(NDR)! No!anomalies! !
Review!in!12!months!at!PHCs/retinal!
clinic!
!
Mild!nonY
proliferative!DR!
(NPDR)!
Only!micro!aneurysms!
Moderate!NPDR! More! micro! aneurysms! but! less! than!
severe!NPDR!
Review!in!6Y12!months/retinal!clinic!
Severe!NPDR! Any!of!the!following:!
>20! IntraYretinal! haemorrhages! in! each!
of!the!4!quadrants!
Venous!beading!in!two/more!quadrants!
IntraYretinal! micro! vascular!
abnormalities!in!one!or!more!quadrants!
AND!no!signs!of!proliferative!retinopathy!
At!PHCs:!Refer!to!retinal!clinic!!
!
At! retinal! clinic:! 6Ymonthly! review.!
PanYretinal! lasers! if! compliance! to!
attendance!is!poor.!!
Proliferative!DR!
(PDR)!
One!or!both!of!the!following:!
Neovascularization!
Vitreous!haemorrhage!
At! PHCs:! Urgent! referral! to! retinal!
clinic.!!
!
At! retinal! clinic:! PanYretinal! laser! /!
vitrectomy! indicated! if! vitreous!
haemorrhage! or! retinal! detachment!
detected.!
*Observable*by*dilated*Ophthalmoscopy*
*
Table*1X4*Classification*stages*of*macular*oedema*(MO)*and*its*recommended*management*(34)*
MO!Severity!Level! Fundus!Examination**! !
Absent! No! retinal! thickening! or! hard!
exudates!in!posterior!pole!
Review!in!12!months!at!PHCs!or!retinal!
clinic!
Present! Some! retinal! thickening! or! hard!
exudates!in!posterior!pole!
See!below!
SubYclassification!if!MO!is!present:! !
Mild! Some! retinal! thickening! or! hard!
exudates! in! posterior! pole! but!
away!from!centre!of!macula!
Review!in!6!months!at!PHCs!or!retinal!
clinic!
Moderate! Retinal!thickening!or!hard!exudates!
in! posterior! pole! approaching!
centre! of! macula! but! not! in! the!
centre!of!macula!
At!PHCs:!!
Refer! to! retinal! clinic! and! refer! to!
diabetic! services! for! advice! on!
management! of! blood! sugar! and! blood!
pressure!control.!!
!
At!retinal!clinic:!!
Laser! photocoagulation! if! clinically!
significant!macular!oedema!detected.!
Severe! Retinal!thickening!or!hard!exudates!
at!the!centre!of!macula!
At!PHCs:!Refer!to!retinal!clinic.!!
!
At! retinal! clinic:! Laser! treatment! or!
intravitreal! injections! with! antiYVEGF!
drugs.!
***Observable*by*dilated*ophthalmoscopy*but*hard*exudates*are*best*observed*using*slit*lamp*bio*
microscopy*and/or*stereo*fundus*photography.**
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1.4! Diabetic!retinopathy!screening!
1.4.1! Definition!of!screening!and!screening!programme!
*
For!the!purposes!of!this!study,!the!UK!Screening!Committee!definition!of!screening!
was!adopted,!which!is!‘a!process!of!identifying!apparently!healthy!people!who!may!
be!at!increased!risk!of!a!disease!or!condition.!They!can!then!be!offered!information,!
further! tests! and! appropriate! treatment! to! reduce! their! risk! and/or! any!
complications!arising!from!the!disease!or!condition’!(46).!!
!
Screening! programme! was! defined! in! this! study! as! ‘a! system! incorporating! all!
necessary! steps! from! identifying! the! eligible! population! through! to! delivering!
interventions! and! supporting! individuals! who! suffer! adverse! effects’! (47).! This!
definition!was!selected! for! this! study!as! it! captures! the!whole!screening! landscape!
extending! from! the! screening! pathway,! grading! pathway,! treatment! referral!
pathway! and! the! organisation! process! to! deliver! the! screening! programme.! Both!
definitions!provide!a!comprehensive!context!for!a!public!health!programme.!!!
!
Systematic!and!opportunistic!screening!
!
Systematic! screening! constitutes! an! organised,! integrated! process! in!which! all! the!
activities! within! the! screening! pathway! are! planned,! coordinated,! monitored! and!
evaluated! through! a! quality! assurance! framework! (47).! These! are! requirements!
advocated! by! health! organisations! and! other! professional! organisations! alike! (48,!
49).!!
!
Opportunistic!screening!or!case!finding,!however,!is!often!associated!with!traditional!
hospital! based! clinical! examination! where! a! condition! is! detected! by! chance! as!
patients!may!often!seek!consultations! for!different! reasons! (47).!These!differences!
have!been!exemplified!in!a!study!(see!Appendix!1)!that!compared!the!fundamental!
characteristics!of! systematic!and!opportunistic! screening.! Systematic! screening!has!
processes!in!place!to!invite!patients!for!screening,!screening!tests!selected!are!based!
on! diagnostic! accuracy! (sensitivity! and! specificity)! that! are! fit! for! purpose,! uses!
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quality! assurance! for!monitoring! purposes,! fixed! screening! intervals,! specified! and!
monitored!target!uptake!rates!and!addresses!patient!safety!(50).!
!
Phases!of!a!DR!screening!programme!
!
For!the!purposes!of!this!study,!the!following!working!definitions!have!been!used!to!
describe!the!different!phases!of!a!screening!programme:!
!
• Screening!pathway!includes!all!activities!conducted!to!deliver!DR!screening!from!
the! identification! of! the! at! risk! population! (all! registered! diabetics! at! primary!
health!centre!by!GPs)!to!diagnosis.!
!
• Grading!pathway!directs!ophthalmologists!conducting!DR!screening!(screener)!to!
determine!which!DR!cases!should!be!referred!for!treatment!or!not,!and!also!to!
establish!when/how!often!to!recall!patients!for!retinal!examination.!!
!
• Clinical! management! protocols! guide! the! ophthalmologist! (vitreoYretinal! team,!
National! Eye! Centre)! on! the! appropriate! treatment! (pan! retinal/focal! laser!
photocoagulation/vitreoYretinal! surgery)!of!detected!cases! (STDR!and!ME)!once!
they!have!been!referred!from!the!primary!health!centres.!
!
• Organisation!of!DR!screening! refers!to!the!allocation!of!resources!for!screening!
at!each!health! institution! including! infrastructure,!human!resources,!equipment!
and!consumables.!
*
*
*
*
* *
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1.4.2! Diabetic!retinopathy!screening!!!
!
Regular! screening!of!people!with!diabetes!has! the!potential! to! significantly! reduce!
the! incidence! of! visual! loss! from! DR.! Diabetic! retinopathy! screening! fulfils! the!
necessary!criteria!required!for!a!disease!to!be!screened!(51):!!
!
• It!is!an!important!growing!public!health!problem.!!
• The!natural!history!is!well!understood.!!
• It!is!detectable!at!an!early!stage!and!early!treatment!is!more!beneficial!than!
late!treatment.!!
!
Several! studies! have! suggested! the! longYterm! benefit! of! screening! in! preventing!
blindness! (52,! 53),! although! no! clinical! trials! have! been! conducted! due! to! ethical!
challenges.! Observational! studies! have! provided! some! understanding! of! the!
population! at! risk! of! developing! DR! and! how! the! rate! of! progression! (DR! stages)!
varies!between!type!1!and!type!2!diabetes(17).!DR!screening!programmes!in!Iceland!
have!been!shown!to!be!successful!in!stabilising!DR!prevalence!and!reducing!rates!of!
blindness!after!25!years!of!their!implementation!(54).!!
!
i.! Systematic!DR!Screening!
!
Systematic!DR!screening!programmes!are!organised!to!be!efficient!enough!to!engage!
and! reach! all! “at! risk”! individuals.! At! the! same! time,! coverage!has! to! be!balanced!
with! acceptability! and! adherence! to! screening! within! the! population! (46).! The!
introduction! of! systematic! DR! screening! programme! requires! significant! startYup!
costs!which! include! screening! equipment,! personnel,! training! costs,! call! and! recall!
system,! software! for! grading! and! quality! assurance! system! (55).! Therefore,! the!
decision! on! how!best! to! organise!DR! screening! to!meet! the! balance! “efficacy! and!
costs”! needs! to! be! evidence! based! and! at! the! same! time! must! be! suited! to! the!
different!requirements!of!the!local!health!service!provider,!patients!and!society!as!a!
whole,!who!value!the!benefits!of!screening!differently!(56).!In!addition,!to!ensure!all!
these! objectives! are! being!met! and! to! prevent! unintended! consequences! of! poor!
performance! standards! in! screening! (e.g.! unnecessary! patient! anxiety! caused! by!
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false! positive! results),! systematic! screening! programmes! have! developed! key!
performance!indicators!to!monitor!progress!(57).!!
!
ii.! DR!screening!framework!
!
The! organisation! of! DR! screening! programmes! is! dependent! on! the! state! of!
development! of! health! systems! and! its! financing! (58),! availability! of! human!
resources! (59)! and! appropriate! technology.! This! complex! interaction! is! specific! to!
each! health! system! and! there! is! no! universal! framework! for! DR! screening!
programmes.!!
!
However,! based! on! the! capacity! of! a! health! system,! the! European! Conference! on!
Screening! for! Diabetic! Retinopathy! Group! (ECSDRG)! (58),! represented! by! experts!
from! 29! European! countries,! have! reached! a! consensus! on! the! 4! stages! of!
development!of!DR! screening! (Figure!1Y4).! Each! stage!outlines! certain! targets! that!
need!to!be!met!before!a!programme!can!move!to!the!next!step.!For!the!purposes!of!
this!study,!this!framework!will!be!known!and!referred!to!as!the!ECSDRG!framework!
throughout!this!thesis.!!
!
Stage!1! form! the!basis!of!any! screening!programme,! that! is,! to!establish!access! to!
treatment! facilities! for! DR! before! engaging! in! any! screening! activities.! Stage! 2!
represents!the!next!stage!of!development,!which!outlines!the!need!to!establish!an!
evidence!based!standard!of! fundus!examination! (dilated! funduscopy)!and!pathway!
that!ensures!early!and!regular!annual!screening,!as!well!as!a!referral!pathway!from!
screening! to! treatment.! Stage! 3! outlines! the! basic! concepts! of! a!more! structured!
approach! to! screening! involving! a! systematic! approach! of! identifying,! inviting! and!
informing!all!“at!risk”!patients!for!eye!screening!through!an!effective!call!and!recall!
system!and!the!monitoring!of!screening!coverage!in!the!population.!It!also!outlines!
the!minimum! standards! for! the! diagnostic! accuracy! of! screening!methods.! Finally,!
stage! 4! represents! the! characteristics! of! fully! established! systematic! screening!
programmes!that!incorporate!measures!to!monitor!the!quality!and!coverage.!The!DR!
screening! developmental! stages! that! can! be! adopted! are! directly! linked! with! the!
development!of!the!health!system!and!all!its!interconnected!units.!
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!
Figure*1X4*DR*screening*programme*development*stages*
!
!
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1.4.3! Health!systems!and!organisation!of!DR!screening!programme!!
*
Health*systems*and*its*building*blocks*
*
The!World!Health!Organisation!(WHO)!defines!health!systems!as!‘the!sum!total!of!all!
the!organizations,! institutions!and! resources!whose!primary!purpose! is! to! improve!
health’!(60).!The!WHO!further!describes!health!systems!as!a!framework!comprising!
six!building!blocks! (Figure!1Y5)! that!represents!different,!but! interlinked!facets!of!a!
health! care! system! that! includes! human! resources,! equipment,! financing,!
information!systems,!governance/leadership!and!service!delivery.!!
!
Health*systems*and*DR*screening*components:*
*
1.! Human!resources!
!
Different!cadres!that!need!to!be!involved!at!various!stages!of!screening!include!GPs!
and! endocrinologists!who! diagnose! and!manage! diabetics,! primary! screeners!who!
assess! the! retina! and! refer! for! treatment! and! vitreoYretinal! specialists! to! deliver!
treatment! in! a! timely! manner.! This! skill! mix,! appropriate! numbers! of! health!
providers! and! their! overall! distribution! has! led! to! innovative! approaches! being!
adopted!across!different!screening!models.!!
!
Successful!systematic!DR!screening!models!(e.g.!Icelandic!DR!screening!programme)!
have! reported! that! effective! collaboration! between! the! different! cadres! is! vital! in!
ensuring! the! effectiveness! of! its! screening! programme! (61).! Moreover,! in! a!
systematic! review!that!evaluated!rates!of!DR!progression!to!PDR!and!severe!visual!
loss! (SVL)! in! two! different! time! periods,! it! was! suggested! that! an! increased!
awareness!of!retinopathy!risk!factors;!earlier!identification!and!initiation!of!care!for!
patients! with! retinopathy;! and! improved! medical! management! of! glucose,! blood!
pressure,!and!serum!lipids!as!contributors!to! lower!rates!of!DR!progression!to!PDR!
and!SVL!between!the!two!time!periods!(26).!This!will!only!be!possible!through!close!
collaboration! between! different! cadres! at! the! different! stages! of! the! screening!
pathway.!
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Training!needs!
!
Another! important! element! in! screening! programmes! is! the! training! needs! of! its!
workforce.!An!Australian!study!(62)!that!described!a!screening!model!serving!a!rural!
area! highlighted! a! positive! relationship! between! credentialing! and! better! quality!
photographs!as!well!as!timeliness!of!photographs!sent!away!for!reporting.!Yet,!there!
are! reports! of! DR! screening! programmes! conducted! by! individuals!without! formal!
training!(63).!In!a!review!of!the!UK!DR!screening!programme,!it!was!reported!that!as!
a! result! of! developing! extensive! training! programmes! for! the! workforce,! a! new!
career!pathway!has!been!created.!Through!this,! issues!such!as!staff!turnover!could!
be! dealt! with,! thus,! making! the! programme! sustainable.! However,! it! was! also!
highlighted! that! the! costs! of! developing! training! should! be! considered! as! an!
additional!cost!of!screening!(64).!
!
Figure*1X5*WHO*health*systems*building*blocks*
!
(Source:!www.emro.who.int)!
!
Innovations!in!the!use!of!manpower!in!DR!screening!to!meet!demands!
!
In! DR! screening! programmes,! the! shortage! of! ophthalmologists! has! led! to!
innovations! in! the!use!of!human! resources! to!meet! the! increasing!demand! for!DR!
eye!screening.!Table!1Y5!shows!the!comparison!of!the!diagnostic!accuracy!(sensitivity!
and! specificity)! of! different! health! cadres! in! different! screening! models.! These!
included! optometrists,! orthoptists,! nonYophthalmic! physicians,! GPs! and! trained!
graders! (66! –! 69).! These! graders,! who! undergo! extensive! training! to! grade! digital!
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retinal!photographs,!come!from!different!professional!backgrounds.!They!have!been!
applied! extensively! in! the! UK! DR! screening! programme! to! meet! the! demands! of!
individual!populations.!
!
Generally,! reliability! of! DR! screening! (sensitivity! and! specificity)!was! highest!when!
examinations! were! performed! by! ophthalmic! personnel! compared! to! other! nonY
ophthalmic! health! cadres.! It! was! difficult! to! compare! diagnostic! reliability! purely!
based! on! health! cadres! alone,! as! DR! screening! models! were! designed! and! often!
assessed!in!studies!in!combination!with!the!different!equipment!used!for!screening.!!!
!
2.! Equipment!and!consumables!
!
Different!types!of!ophthalmic!equipment!have!been!used!in!DR!screening!including!
direct! ophthalmoscopy;! indirect! ophthalmoscopy,! slit! lamp!bioYmicroscopy,! fundus!
camera! (polaroid)! and! digital! fundus! camera.! In! general,! systematic! DR! screening!
programmes! have! adopted! the! use! of! digital! fundus! camera! as! the! preferred!
method.!It!has!been!shown!to!have!higher!sensitivity!and!specificity!(69)!compared!
to!direct!ophthalmoscopy!(70)!and!slitYlamp!bioYmicroscopy!(71).!!
!
UK! based! organisations! such! as! the! National! Screening! Committee! and! National!
Institute!of!Clinical!Excellence!have!recommended!the!use!of!digital!fundus!camera!
for!screening.! Internationally,! the! International!Agency!for!Prevention!of!Blindness,!
the! umbrella! organisation! overseeing! a!multiYagency! cooperation! in! prevention! of!
blindness!enlists!the!use!of!nonYmydriatic!retinal!camera!as!essential!equipment!for!
DR!screening!in!developing!countries!(72).!!
!
However,!it!is!widely!recognised!that!ophthalmoscopy!(direct,!indirect!and!slitYlamp!
bioYmicroscopy)! remains!a!prevalent!method!of!screening! for!DR! in! less!developed!
countries;! which! in! part! led! to! the! birth! of! the! much! simplified! international! DR!
grading! system! (34).! The! WHO! acknowledges! the! unique! needs! of! each! country!
when!planning!for!a!DR!screening!programmes.!Several!factors!such!as!epidemiology!
of! diabetes,! number! of! ophthalmologists! per! diabetic! population! and! the! financial!
system!need!to!be!taken!into!consideration!before!investing!in!a!digital!photography!
system.! It! highlights! decisions! made! are! often! as! a! ‘tradeYoff! between! costs! and!
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performance’! when! considering! a! digital! fundus! camera! model! and! recommends!
that!each!country!considers!the!availability!of!its!resources,!public!expectations!and!
the! existing! health! systems.! On! a! similar! note,! the! International! Council! for!
Ophthalmology! has! recognised! the! different! forms! of! ophthalmoscopy! (direct,!
indirect! and! slitYlamp! bioYmicroscopy)! as! acceptable! methods! for! DR! screening! in!
developing!countries.!These!considerations!will!be!discussed!further.!!
Table*1X5*Comparison*of*diagnostic*accuracy*in*different*screening*models.*
!
Screening!models!
!
Sensitivity
/!
Specificity!
!
PPV!
!
STDR!
Detection!
rates!
Digital!Fundus!Camera!only!
InterYgrader!
agreement!
Rate!of!unY
gradable!
images!
Ref.!
Family!
Physicians/!
General!
Practitioners!with!
digital!fundus!
camera!
87%/95%!
!
33%,!
94%!
!
2.5%!
!
N/a!
!
39%!
(73)!
(74)!
Optometrists!
with!slit!lamp!
bioYmicroscopy!
87%/91%!
(STDR)!
75.8%/99
%!(STDR)!
30%! N/a! N/a! N/a!
(75)!!
(76)!
Optometrist!with!
Indirect!
Ophthalmoscopy!
N/a! 60%! N/a! N/a! N/a!
!
(74)!
Optometrists!
with!digital!
fundus!camera!
N/a! 63%! 6%! N/a! N/a!
!
(74)!
Orthoptists!with!
digital!fundus!
camera!
92!Y
100%/85Y
88%*!
(mild!to!
mod.!DR)!
N/a! N/a!
!
94.6,!93!&!
87.6%*!
13%!
5%!
!
(77)!!
(78)!
Trained!DR!
graders!with!
digital!fundus!
camera.!
N/a! N/a! N/a! 0.6!(PDR)**!0.2!(M)**!
!
!
!
8%!
!
(79)!
(62)!
**Ranges*of*values*based*on*3*observers;****Kappa*values;*PPV*–Positive*Predictive*value,*STDR*–*
Sight*threatening*diabetic*retinopathy;*PDR*–*Proliferative*Diabetic*Retinopathy,*M*–Maculopathy.*
!
!
!
!
!
!
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Digital!Fundus!Camera!Model:!Key!Considerations!
!
Diagnostic! superiority! (higher! sensitivity! and! specificity)! over! other! screening!
methods!mentioned! earlier,! however! these! rates! remain! low! for! detecting! CSMO.!
The!UK!NSC!cites!the!advantage!of!image!storage!that!is!useful!for!grading,!audit!and!
health! education! purposes! in! systematic! DR! screening! program.! Furthermore,! the!
digital!fundus!photography!model!can!offer!potentially!better!coverage!through!teleY
ophthalmology! screening! in! rural! areas! and! by! extending! DR! screening! cadres! by!
nonYophthalmologists.!Such!models! in!situations!where!diabetes!is!highly!prevalent!
and!there!is!a!shortage!in!the!number!of!ophthalmologists!may!be!very!useful.!
!
Technical!failure!rates!
!
In! addition,! another! consideration! of! implementing! a! digital! fundus! photography!
system!is!that!patients!may!require!reYscreening!at!different!visits!if!the!image!taken!
is! not! satisfactory.! This! is! termed! as! ‘technical! failure! (TF)! rate’.! The! UK! NSC!
committee! has! set! a! national! standard! of! <5%,! however! studies! have! shown!
variation! in! TF! rates! between! 4%! (80)! to! 34%! (81).! These! differences! can! be!
attributed! to! in! part! by! different! study! populations,! different! types! of! fundus!
camera,! and! different! criteria! for! image! gradability.! Technical! failure! is! associated!
with!patient!related!issues!such!as!cataracts,!small!pupils,!poor!fixation!and!difficulty!
in!positioning!patients!(82).!
!
Due!to!the!issue!associated!with!technical!failure!rates,!the!use!of!ophthalmoscopy!
as!an!adjunct!to!DR!screening!has!been!considered,!although,!there! is!currently!no!
consensus.! One! study! reported! that! screening! sensitivity! improved! with!
ophthalmoscopy! (83)! whilst! another! study! did! not! report! any! improvement! (84).!
However,! this! study! was! based! on! ophthalmoscopy! conducted! by! a! trained!
technician.!
!
Graders!!
!
Training!of!nonYophthalmologists!as!graders!will!be!needed!and!this!has!shown!to!be!
effective! (62).! However,! if! patients! are! not! screened! by! ophthalmologists,! then!
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screening! using! a! digital! fundus! camera!with! trained! technicians!may! represent! a!
missed!opportunity!to!detect!other!ocular!conditions,!potential!health!education!and!
patientYdoctor!rapport!which!may!improve!compliance!to!attend!screening!and!also!
adherence!to!medication!(85).!!!!
!
Image!quality!!
!
Another! issue!of!concern! is! compression!size!used! for! storing!and! remote!grading.!
NSC!guidelines!(as!of!2005)!did!not!recommend!compression!of!images!(which!aids!
storage! and! rapid! transfer! of! images);! issues! with! compression! ratios! if! images!
compressed! >10%! become! less! sensitive! to! detection! of! DR! compared! to! nonY
compressed! format! (86).! In! addition,! countries! need! effective! internet! or! satellite!
technology!to!support!this.!
!
Cost!!
!
In! a! review! of! screening! and! prevention! of! diabetic! blindness,! direct! screening!
(screening! by! ophthalmologists! using! slit! lamp! bio! microscopy)! and! digital!
photography!screening!(by!trained!photographers,!graded!later!by!ophthalmologist)!
was!compared!(87).!The!reviewers!highlighted!three!different!cost!considerations!in!
making!the!comparisons:!
!
i. ! Digital!fundus!photography!requires!more!initial!startYup!cost!
ii. !! Wages!of!different!cadres!(ophthalmologists!vs.!cost!of!equipment!+!nonY
medical!screeners)!
iii. Different! funding! scheme! for! screening! (e.g.! pay! per! screening!
reimbursement! scheme! may! encourage! direct! screening! by!
ophthalmologists)!
!
In!a!UK!based!study!(88),!implementing!digital!photographic!screening!was!found!to!
be! more! expensive! than! screening! using! direct! ophthalmoscopy! by! either! GPs,!
optometrists! and! diabetologists.! However,! the! study! did! report! that! the! digital!
photography! system! detected! 157!more! cases.! In! an! Italian! study! that! compared!
three!different!approaches!to!screening!and!treating!STDR,! it!was! found!that!costs!
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per! screening! of! implementing! screening! using! fundus! photography! were! higher!
than!screening!by!ophthalmoscopy!alone!(89).!This!study!also!found!that!screening!
and!treatment!are!cheaper!if!conducted!at!the!same!hospital.!!
!
In! a! health! technology! assessment! study! to! determine! the! systematic! model! for!
implementing! a! comprehensive! national! screening! programme! for! diabetic!
retinopathy!in!Scotland!(55),!the!different!fixed!and!variable!costs!required!to!carry!
out! a! systematic! screening! programme! based! on! digital! fundus! photography! was!
highlighted.! The! fixed! costs! included! national! coordination,! health! board!
coordination,!screening!offices,!call!and!recall!software,!and!image!capture!software.!
In!addition,!various!variable!costs!included!capital!equipment,!consumables,!staffing,!
staff! training! and! equipment! maintenance.! These! different! cost! components! are!
important!to!identify!and!measure!when!conducting!costing!studies!(90).!!
!
3.! Health!care!financing!
!
Systematic! screening! at! a! national! programme! level! has! been! shown! to! be! cost!
effective!(CYE)!(Table!1Y6).!In!the!study!based!on!screening!5000!diabetic!patients!in!
Liverpool! (88),! the! systematic! screening! (SS)! model! was! found! to! be! more! CYE!
compared! to! the! opportunistic! screening! (OS)! model! based! on! cost/true! case!
detected!(£209!Y!SS!vs.!£289!Y!OS).!In!a!health!technology!assessment!conducted!for!
Scotland!(55),!it!was!reported!that!moving!from!an!opportunistic!screening!model!to!
a!systematic!screening!model!without!mydriasis!was!the!most!cost!effective!option!
in! terms! of! cost/QALY! per! new! case! detected! compared! to! a! move! from!
opportunistic! to! a! systematic!model!with!mydriasis,! or! to! a!move! from! systematic!
screening!model! (with!mydriasis)!to!a!systematic!screening!model! (with!mydriasis).!
These!studies!also!reported!several!factors!that!have!significant!influence!over!CYE!of!
DR! screening! that! are! likely! to! vary! in! different! geographical! settings! including!
prevalence! of! diabetes! and! DR! (89,! 92)! costs! associated! with! screening! and!
treatment!(56,!92,!93),!utility!values!(56,!92)!and!screening!compliance(56,!94).!!
!
However,!despite!this!evidence!and!the!increasing!global!prevalence!of!diabetes!and!
diabetic! retinopathy,! there! is! huge! variation! in! the! way! screening! services! are!
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organised! in! different! countries.! In! a! report! of! DR! screening! programmes! in! 29!
European! countries! (58),! health! systems! financing!was! suggested! as! an! important!
determinant! to! the!way!DR! screening! is! being! organised.! In! countries! that! have! a!
national! health! system! (United! Kingdom! and! Iceland),! systematic! nationwide! DR!
screening!programmes!are!being!offered.! In!economically!advanced!countries!such!
as!Germany,!Netherlands!and!Italy,!where!the!health!system!is!essentially!privately!
funded,! regional! DR! programmes! are! offered.! According! to! the! report,! these!
programmes! lack!uniformity! in! the!way!DR! is!being!classified!and!how!screening! is!
performed.! At! the! other! extreme! of! the! economic! scale,! developing! eastern!
European! countries! with!weak! health! systems! have! no! DR! screening! programmes!
altogether.!!!!!
*
! *
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Table&1(6&C(E&studies&comparing&opportunistic&with&systematic&DR&screening&using&retinal&photography.&(§Variables&influencing&CE)&
&
Country!
(Ref.)!
Study!population! Study!
Type!
Outcome!
measure!
!
Findings! Opportunistic!
Screening!(OS)!
Systematic!
Screening!(SS)!
Variables!included!in!
sensitivity!analysis!(SA)!
!
Liverpool,!
UK!(88)!
!
!
5000!diabetic!
patients!in!Liverpool!
!
!
CEA!!
!
!
Cost/!true!
case!detected!
!
£209&(SS)&
£289!(OS)!
!
Main!characteristics:!
!
• Fixed!site;!
• Dilated!DR!
examination!using!
direct!
ophthalmoscopy!by!
either!
• GPs,!Optometrists!
and!diabetologists!
• No!recall!system.!
!
!
Main!characteristics:!
!
• Mobile!screening!
unit;!
• Dilated!DR!
examination!
using!3Yfield!nonY
stereoscopic!
retinal!
photography!by!
technicians!
• Validated!grading!
by!
Ophthalmologists!
• Patient!recall!
system!
!
!
• Prevalence§!
• Sensitivity!and!
specificity§!
• Compliance§!
!
!
Scotland,!
UK!(55)!
!
Computer!simulated!
hypothetical!
cohort*!
(US!study!adapted!
to!UK!population)!
!
!
HTA!
!
!
Cost/!QALY!
!
£7703*!
£10,270**!
£28,881***!
&
!
UniYvariate!(SA):!
• Sensitivity!and!specificity!!
• Mydriasis!and!patient!
attendance!rates!
• Cost!per!screen§!
• Cost!of!blindness§!
 Call!and!recall!setup!
(without!digital!
photography)!
• Quality!of!life!associated!
with!blindness§!
• Discount!rate!for!
benefits§!
Cost/QALY&per&incident&diabetic&cases&for:&*&Moving&from&Opportunistic&screening&to&systematic&screening&(with&no&mydriasis);&**Moving&from&Opportunistic&screening&
to&systematic&screening&(with&mydriasis);&***&Moving&from&systematic&screening&(with&no&mydriasis&to&systematic&screening&(with&mydriasis).&
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4.! Information!systems!
!
A! key! feature!of! a! systematic!DR! screening!programme! is! the!use!of! a! centralised!
database! used! for! identifying! and! inviting! patients!with! diabetes! for! DR! screening!
(disease! registers! with! call! and! recall! system),! DR! grading! purposes! (centralised!
image! grading! and! storage),! monitoring! screening! performance! (e.g.! screening!
coverage,!timely!referrals,!waiting!lists)!and!audit!purposes!(80,!95,!96).!!
!
One! such! example! of! information! systems! in!DR! screening! programmes! that! have!
been! reported! in! studies! is! the! use! of! disease! registries! to! estimate! screening!
coverage.! Several! UK! based! studies! have! reported! the! importance! of! disease!
registers!in!estimating!screening!coverage!(75,!77,!97!–!99).!In!a!LondonObased!study,!
it!was! reported! that! better! coverage! rates!were! attributed! to! the! use! of! a! locally!
developed! GP! register! which! was! used! as! a! source! to! call! and! recall! patients! to!
attend!screening!(76).!In!another!study,!the!authors!cited!the!importance!of!having!
regularly! maintained! registers! (updating! information)! as! well! as! having! a! call! and!
recall!system!to!estimate!and!improve!screening!coverage!(96).!The!key!features!of!a!
centralised! disease! register! required! to! improve! screening! coverage! were!
highlighted!as!follows!(97):!!
! !
• A!complete!and!accurate!list!of!patients!updated!regularly!!
• Linked!to!reimbursement!(pay!per!screen)!!
• Provide! feedback! of! attendance! between! ophthalmology! and! screening!
programme!!
• Effective!call!and!recall!software.!!
!
In!diabetic!care,!centralised!disease!registers!require!information!from!multiple!care!
providers.! Therefore,! close! coordination! between! the! different! care! providers! is!
necessary! to! ensure! data! collection! is! standardised! and! integrated.! Numerous! UK!
based! studies! highlighted! the! importance! of! coordination! between! GPs! and! local!
screening!programmes!in!ensuring!data!collected!in!disease!registers!were!complete!
and! accurate! (75,! 98,! 99).! One!UK! study! reported! incentives! to! encourage!GPs! to!
establish! local! registries! under! a! contract! system! (98).! In! one! study,! the! lack! of!
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integration!of!a!centralised!register!was!attributed!as!a!key!challenge! in! improving!
screening!coverage!(76).!!
!
In! the!UK,! there! is! no! national! disease! register! for! diabetes! (100;! p.11),! therefore!
local! DR! screening! programmes! are! dependent! on! local! GP! registers! and! hospital!
data.!The!Scottish!Clinical! InformationODiabetes!Collaboration!has!been!cited!as!an!
exemplary! model! for! a! centralised! disease! register! that! incorporates! data! from!
various! facets! of! diabetic! care! providers! (101,! 102).! Similarly,! the! Icelandic! DR!
screening! programme! was! reported! to! have! a! good! centralised! system! linking! all!
diabetic!care!including!DR!screening!data!(61).!!
!
With! the! availability! of! good! information! systems,! several! studies! have! reported!
programmes! venturing! into! the! use! of! data! to! individualise! screening! invitations!
based! on! their! risk! for! DR! progression! (103,! 104).! In! one! study,! the! viability! of!
developing!a!model!to!optimise!DR!screening!intervals!for!low!risk!DR!patients!using!
multiple! logistic! regression! of! data! collected! was! demonstrated! (102).! In! another!
study,! patients! undergoing! routine! follow! up! DR! screening! were! sent! invitations!
based!each! individual’s! risk! for!developing!STDR,!calculated!using!a!predetermined!
algorithm.!This!mathematical!algorithm!utilises!epidemiological!data!from!a!diabetes!
register!of!over!5,000!Danish!patients!for!20!years.!The!authors!suggested!that!this!
innovation!has!saved!health!care!resources!by!reducing!the!number!of!visits!by!59%!
compared!to!fixed!annual!appointments!(101).!!
!
5.!! Leadership/governance!
!
Health! Policy! is! defined! as! ‘courses! of! action! (and! inaction)! that! affect! the! set! of!
institutions,!organisations,!services!and!funding!arrangements!of!the!health!system’!
(103).!Unambiguous!evidence!informed!policies!facilitates! implementation!and!sets!
out!planned!activities! that!can!be!carried!out!by!policy! implementers.!At! the!same!
time,!policy!formulation!and!implementation!are!distinct!but!intertwined!processes!
(1),!influenced!by!interests!from!different!actors!(3).!Consequently,!wellOintentioned!
evidence!informed!policies!might!not!achieve!its!intended!goals.!Therefore,!the!role!
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of!monitoring!and!evaluation! is! critical! to! improve! the!chances!of!policies!meeting!
their!intended!outcomes.!!!!!
!
Systematic!screening!programmes!are!governed!by!a!set!of!clinical!and!programme!
guidelines.! In! the! UK,! the! National! Screening! Committee! (NSC)! sets! out! screening!
policies!that!govern!all!screening!activities!including!DR!screening!(48).!The!NSC!sets!
out! quality! assurance! indicators! that! are! reviewed! periodically! through! a! review!
process! that! includes! various! stakeholders.! The! key! indicators! used! by! the! UK! DR!
Screening!programme!cover!multiple!areas!along!the!screening,!grading!and!clinical!
management! pathway! including! identification! of! screening! cohort,! invitation! for!
screening,!time!to!treatment,!manpower!and!IT!(Appendix!13).!The!DR!review!in!the!
UK!has!highlighted!shared!challenges!faced!by!programmes!such!as!potential!impact!
of! organisational! restructuring! on! meeting! policy! objectives;! complexity! of!
introducing! new! technologies! to! existing! pathway! (e.g.! incorporating! optical!
coherence! tomography! to! detect! MO);! meeting! expectations! of! the! existing! DR!
grading! guidelines;! meeting! screening! demands! of! increasingly! heterogeneous!
population;!meeting!expectations!and!justifying!use!of!existing!technologies!used!for!
screening.!!
!
Opportunistic! screening! programmes! currently! lack! established! screening! policies!
(58).! In! a! review! of! diabetic! retinopathy! management! guidelines! (104),! it! was!
highlighted!that!variations!exist!in!current!DR!guidelines!which!were!mainly!focused!
on! developed! country! settings.! The! reviewers! highlighted! the! need! for! a! DR!
management!policy!formulation!to!focus!on!obtaining!accurate!epidemiologic!data,!
ways!to!identify!patients!at!risk,!methods!for!retinal!examination!applicable!to!local!
context,! setting! up! centres! for! photocoagulation,! public! health! education!
programmes!and!the!need!to!integrate!DR!management!into!a!public!health!system.!
6.! Service!Delivery!
!
WHO!defines!service!delivery!as!the!way!inputs!are!combined!to!allow!the!delivery!
of! a! series! of! interventions! or! health! actions! (60).! DR! services! are! preventive! and!
curative!at!the!different!levels.!At!the!community!level,!the!emphasis!is!on!assuring!
equity! and! accessibility.! At! the! secondary! and! tertiary! levels,!management! for! the!
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treatment!of!DR,!followOup,!counselling!and!supportive!network!between!the!varied!
providers! (GP,! endocrinologist,! ophthalmologist,! graders)! are! essential.! Systematic!
DR! screening! programmes! incorporate! quality! assurance! as! part! of! their! core!
activities!as!a!way!of!coordinating!and!ensuring!that!service!provision!meets!agreed!
standards.!The!different!indicators!monitored!by!screening!programmes!will!now!be!
discussed.!!
!
i.! Screening!coverage!
!
Screening! coverage! is! defined! as! the! proportion! of! the! eligible! population! for!
screening! that! have!been! tested! (46).!Achieving!high! screening! coverage! rates! are!
important! in! minimising! DR! progression! amongst! patients! with! diabetes! in! the!
population.!Table!1O7!summarises!the!different!studies!that!have!reported!screening!
coverage!rates!that!have!been!dominated!by!the!UK!screening!programmes.!Despite!
the!reported!success!of!the!Icelandic!screening!model!(54),!no!studies!on!screening!
coverage!based!on!this!model!have!been!found.!However,!centralised!management!
of! diabetes! and! close! coordination! between! different! diabetic! care! providers!
(diabetologists! and! ophthalmologists)! has! been! documented! a! key! feature! of! the!
Icelandic! DR! screening! programme! (61)! that! has! enabled! close! monitoring! of! all!
patients!with!diabetes!in!Iceland.!In!addition,!it!is!viewed!that!due!to!the!differences!
in!population!demographics!between! the!UK!and! Iceland,! screening! coverage!may!
be!a!more!pressing!issue!in!the!UK!compared!to!Iceland.!!
!
Screening! coverage! rates! of! ≥! 70%! of! has! been! set! by! the! UK! National! Screening!
Committee! as! the!minimum! standard! for! local! screening! programmes! (96).! In! the!
UK,!reported!screening!coverage!rates!have!varied!but!have!shown!to!improve!over!
time.!In!2000,!screening!coverage!rates!were!63%!for!a!GPOled!screening!programme!
(40).! In! 2006,! screening! coverage! rates! as! high! as! 93%!were! reported! (97).! These!
studies!have!highlighted!the!different!predictors!of!screening!coverage!based!on!the!
UK!experience.!!
!
!
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Screening! coverage! and! patient! characteristics! (age,! diabetic! status! and!
socioeconomic!status)!
!!
Low!screening!coverage!(poor!attendance!rates)!has!been!associated!with!younger!
patients! (<40)! (99,!107),!patients!with! type!1! (98)!diabetes!and!patients!with!poor!
control! of! different! diabetic! risk! factors! (poor! Hba1c! and! blood! pressure! control,!
smokers)(107,! 108).! In! addition,! several! studies! have! highlighted! socioOeconomic!
deprivation! as! a! predictor! of! poor! screening! coverage! (99,! 107,! 109).! In! one! UK!
based! study! (105),! patients! living! in! a! deprived! area! in! Scotland! have! been!
associated! with! poor! attendance.! In! another! UK! study! (98),! patients! living! in!
deprived!areas!of!London!were!more!likely!to!miss!their!screening!appointments.!In!
addition,! this! study! also! highlighted! the! importance! of! overall! diabetic! care! as! an!
important!determinant!of!screening!effectiveness.!!
!
Screening!coverage!and!screening!schemes!
!
The! relationship! between! screening! coverage! and! different! screening! models! is!
unclear.! In!one!UK! study,!GPOled! screening!models!were! linked! to!better! coverage!
compared!to! the!optometrist! ledOmodel! (74).!However,! in!another!UK!study,! there!
were! no! differences! in! screening! coverage! reported! between! different! screening!
models! (no! schemes! versus! digital! camera! scheme! vs.! optometryOled! vs.! mixed!
scheme)!(96).!!
!
ii.! Screening!uptake!
!
Screening!uptake!is!defined!as!the!proportion!of!patients!attending!screening!of!all!
those!being!invited!(107).!Various!screening!uptake!rates!based!on!UK!DR!screening!
have!been!reported!in!the!literature!from!79%!(64)!to!88.9%!(98).! In!these!studies,!
lower!attendance! rates!were! found!amongst!younger!patients! (≤!40!years),! type!1!
DM!patients!and!patients!living!in!socially!deprived!areas!(99,!107,!111).!!
!
In!a!qualitative!study,!fear!of!laser!treatment!and!guilt!resulting!from!poor!control!of!
diabetes! led! to! retinopathy! being! cited! as! the! main! deterrent! for! patients! from!
attending! screening! (109).! In! another! recent! UK! study,! it! was! reported! that! GP!
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practices! found! it! difficult! to! achieve! higher! uptake! rates!when! faced!with! two!or!
more! of! the! major! barriers,! despite! implementing! strategies! to! improve! uptake.!
These! barriers! included! service! related! factors! such! as! GP! communication! with!
screening!services,!contacting!patients,! integration!of!DR!screening!with!other!care!
providers,!focus!on!the!newly!diagnosed!diabetic!patients!and!the!perception!of!nonO
attenders.! The! authors! also! cited! three! additional! factors! which! were! viewed! as!
more!challenging!related!to!the! location!of!practices! including! level!of!deprivation;!
diversity!of!ethnicities!and!languages;!and!transport!and!access!(110).!These!studies!
have! emphasised! the! role! of! better! patient! education! as! a! strategy! to! improve!
uptake!(112,!114,!115).!!
!
iii.! DR!treatment!uptake!
!
Early! intervention! is! important! to! prevent! DR! progression! and! sight! loss! amongst!
patients!with! STDR! (39,! 116).! In!developed! countries,! high! treatment!uptake! rates!
have!been!reported!from!85%!(111)!to!90.5%!(50).!However,!treatment!uptake!rates!
in!developing!countries!have!generally!been!low,!ranging!from!45.5%!(112)!to!66.2%!
(114).!
!
The!common!reason!for!poor!treatment!uptake!in!these!studies!was!patients’!lack!of!
knowledge! about! DR! (111),! lack! of! awareness! of! the! need! for! treatment! and! not!
being!aware!of!the!need!to!complete!treatment!(112).!Fear!of! laser!treatment!was!
also! highlighted! as! a! reason! for! poor! attendance! at! ophthalmic! clinics! for! DR!
screening!and!treatment!(112,!115).!
!
iii.! Time!lag!between!diagnosis!and!treatment!
!
Another! indicator! monitored! by! systematic! screening! programmes! is! the! overall!
delay!between!the!screening!event!and! first! laser! treatment.!The!UK!National!NSC!
has!stated!that!95%!of!PDR!referrals!should!be!treated!by!laser!within!4!weeks!(100%!
by!6!weeks)!and!95%!of!positively!identified!maculopathy!referrals!should!be!treated!
by!15!weeks!(100%!by!26!weeks)! (48).! In!one!UK!study!that!audited!compliance!of!
DR! screening! programmes! with! the! quality! standards! of! National! Diabetic!
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Retinopathy!Screening!Committee!(79),!found!that!only!26%!of!PDR!cases!detected!
had!underwent!laser!treatment!within!4!weeks!and!30%!of!those!with!maculopathy!
had! laser! in! less! than!15!weeks.! In!another!UK!based!National!DR! treatment!audit!
(115),!in!28.4%!of!cases!referred!for!treatment,!the!overall!wait!for!treatment!from!
referral!was!more!than!12!weeks.!!
!
iv.! Impact!of!DR!screening!on!workload!at!tertiary!centres!!
!
A! UK! study! described! how! attendance! rates! of! successfully! screened! patients! for!
further! evaluation! stabilised! over! the! first! five! years! of! DR! screening! programme!
being!implemented,!suggesting!the!ability!of!the!tertiary!eye!services!to!manage!the!
case!load!(STDR!cases)!referred!by!the!DR!screening!programme!(116).!!!
!
v.! Patient!satisfaction!
!
Two!studies!assessed!the!satisfaction!of!patients!with!the!DR!screening!programme.!
In! a! UK! based! study! (74),! 98%! of! patients! reported! being! satisfied! with! the! DR!
screening!programme,!irrespective!of!the!model!adopted!(GPOled,!optometrist!with!
camera! and! optometrists! with! indirect! ophthalmoscopy).! A! study! in! France! (78)!
reported!a!higher!willingness!by!patients!to!attend!their!next!screening!appointment!
if! the! examination! was! undertaken! using! a! nonOmydriatic! camera! compared! to!
dilated!funduscopy!examination!by!ophthalmologists!(99.1%).!Patients!also!reported!
higher! satisfaction! levels! when! satisfaction! was! measured! as! duration! of! testing!
(96%!camera!vs.!82%!examination)!and!induced!visual!impairment!during!screening!
due!to!dilation!(86%!camera!vs.!66%!examination).!
!
vi.! Patient!awareness!
!
In!the!UK!study!cited!earlier! (49),!patient!nonOcompliance!was!the!main!reason!for!
nonOattendance!where!42%!of!patients!failed!to!attend!their!followOup!appointments!
despite! receiving! screening! invitation! letters.! In! the! French! study! (77),! it! was!!
suggested! that! the! reported! high! DR! referral! uptake! rates!was! in! part! due! to! the!
introduction! of! the! targeted! DR! screening! programme! which! also! included! an!
intensive!campaign!to!increase!the!level!of!awareness!of!diabetic!complications!and!
importance!of!regular!eye!examination!amongst!health!professionals!and!patients.!!!
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!
vii.! Integrated!care!in!diabetes!management!
!
The!risk!factors!(control!of!blood!glucose!and!blood!pressure)!for!DR!progression!and!
diabetes! mellitus! are! similar.! However,! the! management! pathways! of! these! two!
interOrelated!conditions!are!distinct.!In!one!systematic!review,!it!was!suggested!that!
cooperation!between!endocrinologists!and!ophthalmologists!has!contributed!to!the!
reduction!of! the! incidence! rate!of!DR! in!developed! countries! (26).! Yet,! the! lack!of!
integration! of! eye! care! services! into! the! general! health! service! is! well! recognised!
(117).!!
!
!
!
!
!
!
!
!
!
! !
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Table!1(7!Studies!comparing!different!coverage!rates!and!predictors!of!attendance!in!the!United!
Kingdom.!
Country,!
Year!(Ref)!
Coverage!Rates!
United!
Kingdom,!
2002!(74)!
• Screening!coverage!rates:!63%!(GPOled!scheme),!24%(Optometry!
scheme)!
United!
Kingdom,!
2004!(96)!
• Screening!coverage:!63.2%!(based!on!patients!recording!≥1!retinal!
examination!a!year!before!the!survey!(any!model),!!
O Screening!coverage!by!scheme!did!not!differ!by!type!of!scheme!
O Screening!coverage!highest!in!patients!treated!with!insulin!and!
lowest!in!patients!undergoing!diet!alone.!!
O Screening!coverage!lower!amongst!younger!patients!!
United!
Kingdom,!
2004!(76)!
• Poor!screening!coverage!rates!reported!(1.2%!population!over!12!
months!and!1.5%!over!15!months)!
United!
Kingdom,!
2006!(97)!
• Screening!coverage!(based!on!database!system):!!
o! 1st!year!–!86%!
o! 2nd!Year!–!93%!
• NonOattendance!major!barrier!to!compliance!of!population!based!
screening!highlighting!the!importance!of!patient!education.!!
United!
Kingdom,!
2006!(98)!
• Screening!uptake:!88.9%!!
• Attendance!rates!lower!among!young!(≤!40!years),!Type!1DM,!living!
in!deprived!areas!
• Effectiveness!of!DR!screening!constrained!by!other!factors!(e.g.!
quality!of!overall!diabetic!care:!those!born!outside!UK!(CaribbeanO
born)!significantly!more!likely!to!develop!retinopathy!and!
importance!of!GPs!is!glycaemic!and!BP!control.!
United!
Kingdom,!
2008!(105)!
• 12%!patients!missed!appointments;!who!were!younger,!longer!
diabetes!duration,!Poor!HbA1c,!BP!control!and!smokers.!
• Social!deprivation!strongly!associated!with!poor!attendance!(living!
in!more!deprived!area)!
• Attendance!at!static!sites!better!than!mobile!sites!(travel!distance!
between!residence!to!screening!site!not!affecting!likelihood!to!
attend)!!
!
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1.5! Diabetic!retinopathy!screening!in!Brunei!Darussalam!
1.5.1! Overview!of!Brunei!Darussalam!
!
Brunei!Darussalam!is!situated!on!the!northwest!coast!of!the!island!of!Borneo,!facing!
the!South!China!Sea.!It!has!an!area!of!5,765!km2!populated!by!an!essentially!young!
population!(over!25%!under!15!years!of!age)!of!393,372!(2011,)!growing!at!a!rate!of!
1.7%!(29).!Gender!distribution!is!51.6%!(males)!and!48.2%!(females).! It!has!a!multiO
ethnic!population!comprising!of!predominantly!Malays!(66%)!and!Chinese!(11%).!Life!
expectancy!at!birth!(2013)!for!males!is!75.7!years!and!78.4!years!for!females.!!
Socio(economic!status!
!
Brunei! is! an! oilObased! economy.! The!GDP! per! capita! stands! at!US$! 52,989! (2012),!
66%!of!which! comes! from! the! crude! oil! and! gas! sector.! The! government! provides!
free! education! and! healthcare! as! well! as! subsidizing! staple! foods! (rice,! sugar! and!
milk),!housing,!electricity,!water!and!oil.!!
Non(communicable!diseases!in!Brunei!
!
NonOcommunicable! diseases! are! the! main! cause! of! mortality! and! morbidity! in!
Brunei.! In! 2012,! cancers! (23%),! chronic! heart! diseases! (13%),! diabetes! (10%)! and!
cerebrovascular!diseases! (6%)!contributed!to!half!of! the!total!deaths! in!Brunei!and!
this!has!been!the!trend!since!2000!(118).!!
1.5.2! Health!system!in!Brunei!
!
Human!resources!in!health!
The! health! care!workforce! per! population! in! Brunei! is! amongst! the! highest! in! the!
region.!However,!in!terms!of!medical!doctors!at!least,!there!is!continuing!reliance!on!
an!expatriate!health!care!workforce.!Less!than!1/3!of!the!doctors!employed!by!the!
government!and!private!sector!are!locals!(118).!
!
Amongst! the! challenges! of! employing! expatriate! workforce! are! the! variation! in!
training! and! no! longOterm! retention! programmes! to! support! local! leadership.! This!
! 52!
has! been! identified! as! one! of! the! challenges! in! the! efforts! to! implement! national!
clinical!guidelines!to!manage!diabetes!(119).!!
Equipment!
!
The!Ministry!of!Health,!through!an!annual!budget!system!provided!by!the!Ministry!of!
Finance,! purchases! all! equipment! and! pharmaceuticals! centrally.! The! Ministry! of!
Health!heavily! regulates! the!use!of!medical! and!pharmaceutical! products.! There! is!
currently! no! information! on! the! distribution! of! equipment! in! use! at! the! different!
health!facilities!(MoH)!in!Brunei!Darussalam!(119).!
Health!care!financing!!
!
Comprehensive! health! care! services! are! provided! free! to! all! citizens.! The! annual!
health! budget! is! allocated! by! the!Ministry! of! Finance! and! is! administered! by! the!
MOH.!There!has!been!an!increase!in!both!health!budget!and!expenditure!(Table!1O8).!
In! 2012,! the! total! health! budget! was! B$347! million! (8%! of! the! national! budget);!
representing! 1.64%! of! the! country’s! GDP.! In! 2010,! health! expenditure! (PPP)! per!
capita! (International! $)! of! Brunei! was! 1,503! compared! to! UK! (3,433)! and! Iceland!
(3,230)!(120).!
Table!1(8!Health!care!financing!2008(2011!(118)!
!
!
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Information!system!
The! Ministry! of! Health! has! implemented! a! stageObyOstage! electronic! patient!
management!system!(BruOHIMS)!since!2012.!During!this!transition!period,!access!to!
existing!medical!records!is!limited.!At!the!time!of!the!study,!electronic!records!at!the!
tertiary! hospital! were! not! linked! to! the! electronic! records! at! the! primary! health!
centres.!
Governance!
!
NonOcommunicable! diseases! (NCDs)! are! a! significant! public! health! issue! in! Brunei!
(121).! There! have! been! several! policies! introduced! by! the! Ministry! of! Health! to!
address! the! prevention! and! control! of! NCDs! in! Brunei! that! has! led! to! several!
initiatives! at! different! levels! of! care.! At! the! tertiary! level,! the! National! Diabetes!
Centre,!Heart!Centre!and!Cancer!Centre!have!been!set!up.!At!the!primary!care!level,!
health!promotion!policies!have!led!to!several!onOgoing!activities!to!promote!healthy!
lifestyles!and!physical!activity!in!the!community.!!
However,!findings!from!a!review!of!NCD!policies!(119)!suggest!that!implementation!
of!policies!is!primarily!topOdown,!leading!to!partial!or!little!progress.!The!lack!of!coO
operation! between!different! departments! in! the!Ministry! of!Health! has! hampered!
progress.!Centrally,!the!role!of!the!MoH!has!been!mediating!participation!between!
departments.! Internally,!policy!implementation!has!been!affected!by!organizational!
(silos)!and!management!issues!(lack!of!resources).!Externally,!the!MoH!has!recently!
acknowledged!the!need!for!cooperation!with!other!agencies!to!combat!NCDs!at!the!
national!level,!however,!it!is!still!too!early!to!judge!if!any!progress!has!been!made.!!
Service!Delivery!
The!Medical!and!Health!services!are!the!two!main!departments!responsible!for!the!
delivery!of!health!care!in!the!Ministry!of!Health!(Table!1O9).!The!country!is!served!by!
four!government!general!hospitals,!16!health!centres,!14!maternal!and!child!health!
clinics,!8!travelling!health!clinics!and!four!Flying!Medical!Services!teams!for!remote!
areas.!The!strengthening!of!primary!health!care! in!2000!has!enabled!patients!with!
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chronic! illnesses! to! be! followed! up! at! the! primary! health! centres! scattered!
throughout!Brunei.!!
Comprehensive!tertiary!care,!offering!a!wide!range!of!medical!and!surgical!services!
(28!different!specialties!and!sub!specialties),! is!provided!at! the!Raja! Isteri!Pengiran!
Anak! Saleha! (RIPAS)! Hospital,! situated! on! a! 32! acre! site! about! 0.8! km! from! the!
capital.!Due!to!the!state!funded!health!care!private!health!institutions!in!Brunei!are!
limited.!
Table!1(9!Organisational!roles!of!the!main!departments!in!the!Ministry!of!Health!
!
1.5.3! DR!screening!in!Brunei!Darussalam!!
!
In!recognition!of!the!public!health!importance!of!DR!in!Brunei,!the!Ministry!of!Health!
launched! the! “Brunei!National! Programme!For! Prevention!of!Diabetic!Blindness.!A!
TenOYear! Strategic! Plan:! 2011! to! 2020”.! The! plan! outlines! key! initiatives! to!
strengthen! the!management! of! DR! in! Brunei! and! called! for! the! introduction! of! a!
more! systematic! DR! screening! programme! (122).! However,! there! is! limited!
information!on!how!DR!services!are!currently!being!provided.!Therefore,!it!is!unclear!
how!DR!screening!should!best!be!structured!to!meet!the!goals!of!this!policy.!!!!
!
!
!
!
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Overview!of!the!existing!DR!Screening!programme!
!
In! 2006,! a! DR! screening! program! was! piloted! in! 7! health! centres! in! one! district!
(BruneiOMuara)!in!Brunei.!Prior!to!this,!all!DR!eye!examination!was!conducted!at!the!
National! Eye! Centre,! located! in! the! main! tertiary! referral! hospital! (RIPAS).! It! was!
introduced! in! response! to!concerns!amongst!ophthalmologists! regarding!perceived!
low!uptake!of!annual!eye!examinations!by!diabetic!patients!attending!hospital!based!
eye!examinations.!As!part!of!the!Ministry!of!Health’s!policy!to!decentralise!primary!
health!care!in!Brunei!in!2000!(123),!clinical!management!of!diabetic!patients!shifted!
from!hospitalObased!to!GPOled!care!at!primary!health!centres!(Figure!1O6).!!
!
Figure!1(6!Different!health!facilities!in!Brunei(Muara!district!providing!DR!screening!programmes!
!
!
In! the!current!DR!screening!programme,!several!DR!screening!sessions!are!run!per!
week!run!by!ophthalmologists!at!each!of!the!six!health!centres.!Diabetic!patients!are!
referred!to!these!screening!sessions!by!the!GPs!(from!the!same!health!centre)!when!
they!are!first!diagnosed.!At!screening!sessions,!patients!undergo!dilated!funduscopy!
conducted! by! ophthalmologists! using! are! using! slit! lamp! bioOmicroscopy.! Patients!
Key$:$
RIMBA&Health&Centre&
Primary&Health&Centres&
Na6onal&Eye&Centre,&R.I.P.A.S&Hospital&
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with! STDR! are! referred! to! the! National! Eye! Centre! for! further! examination! and!
treatment.!!!
!
Perceived!gaps!in!existing!DR!screening!programme!
!
No! studies! have! been! conducted! to! evaluate! the! effectiveness! of! the! existing! DR!
screening! programme! since! it! was! piloted! in! 2005.! However,! perceived! concerns!
amongst! ophthalmologists! and!programme!managers! about! the! quality! of! existing!
DR! screening! (lack! of! grading! standards! and! standardised! screening! and! referral!
pathways),!screening!coverage!(no!evaluation!on!attendance!rates!in!the!screenings!
sessions! and! referral! rates! of! STDR! cases! has! been! conducted)! and! resource!
utilization! (hospitalObased!ophthalmologists! travelling! to!health! centres! to! conduct!
screening! sessions).! There! is! an! impetus! within! the!Ministry! of! Health! to! address!
these! concerns! and! develop! an! improved! screening! program.! However,! efforts! to!
improve!the!existing!programme!should!be!supported!by!evidence.!!
! !
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1.6! Evaluation!
1.6.1! Overview!
!
For!this!evaluation!study,!the!following!definitions!have!been!adopted:!
!
• Evaluation!is!defined!as!“examination!of!the!worth,!merit,!or!significance!of!an!
object”!(124)!!
!
• A!program!is!defined!as!“any!set!of!organised!activities!supported!by!a!set!of!
resources!to!achieve!a!specific!and!intended!result”!(125)!!
!
• Programme!evaluation!is!defined!as!“the!systematic!collection!of!information!
about! the! activities,! characteristics,! and! outcomes! of! programs! to! make!
judgments! about! the! program,! improve! program! effectiveness,! and/or!
inform!decisions!about!future!program!development”!(126)!
!
Framework!for!evaluating!health!programmes!
!
The! CDC! framework! for! programme! evaluation! has! been! adopted! in! this! study! to!
guide! the! methodological! approach! to! evaluation! (Figure! 1O7).! This! framework!
outlines! a! cyclical! process! of! stakeholder! engagement,! evaluation! design,! data!
collection,!analysis!and!dissemination!of!findings!guided!by!four!set!of!key!principles!
used! in! programme! evaluation.! This! framework! has! been! used! to! evaluate! other!
public!health!programmes! (127).!The! framework!was!selected!due! to! its! suitability!
for! use! in! the! context! of! this! study! (public! health! screening! programme)! that!
requires! the! understanding! of! different! groups! (GPs,! DR! screening! team,! Hospital!
based!VR!team)! that!serve!different! roles!within! the!organisation!but!are!assessed!
collectively! using! common! goals! (screening! coverage,! screening! and! treatment!
uptake).!!!
!
!
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!
Figure!1(7!Programme!evaluation!framework!
!
Source:!Centers!for!Disease!Control!and!Prevention.!Framework!for!Program!
Evaluation!in!Public!Health.!MMWR!1999;!48!(No.!RRO11).!
!
!
!
!
!
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1.6.2! Evaluation!of!DR!screening!programmes!
!
A!literature!review!of!published!studies!that!evaluated!DR!screening!programme!was!
conducted! using! the! following! search! terms:! diabetic! retinopathy,! screening,!
programmes! and! evaluation.! Literature! searches! were! run! on! PubMed,! Medline,!
HEED,!Cochrane!Library!and!on! several!websites! including!WHO,!National! Institute!
for! Clinical! Effectiveness! (NICE),! UK! National! Screening! Committee,! International!
Association! for! Prevention! of! Blindness,! European! Diabetic! retinopathy! Group!
(easdec.org)! and! Google! scholar.! Only! studies! that! focussed! on! evaluating!
population!based!DR!screening!programmes!were!included.!
Of!the!99!studies!identified,!only!14!studies!were!included!for!further!review!(Table!
1O10).!Most! studies!assessed!screening!coverage!across!different! screening!models!
(6/14),!comparing!screening!sensitivity!and!specificity!of!different!screening!models!
(4/14).!Only!one!study!conducted!a!broad!evaluation!of!their!programmes.!!
In! the! study! conducted! in! North! London! (74),! the! authors! reported! that! all! three!
different! models! of! screening! (GP! led,! optometristOled! with! digital! camera! and!
optometristsOled! with! indirect! ophthalmoscopy)! met! different! standards! set! by!
different! professional! organisations! in! terms! of! screening! intervals,! positive!
predictive!value,!quality!control!and!patient!satisfaction.!However,!by!the!end!of!the!
2! year! pilot,! screening! coverage! rates! (proportion! of! patients! screened! out! of! the!
total!number!registered!in!to!the!district!diabetes!register)!was!still!low!at!40%!and!
the! study!was!not! able! to! compare! screening!uptake! rates! (proportion!of!patients!
attending!screening!from!the!total!patients! invited)!between!the!three!models!due!
to!differences! in! the!way!data!was! collected!by! the!different!models.! The!authors!
therefore!suggested!that!using!diabetes!district!registers!alone!was!not!sufficient!to!
improve!screening!uptake!without!using!it!as!a!call!and!recall!system.!In!addition,!the!
authors!also!suggested!that!based!on!responses!from!users!(patients)!in!their!study,!
sending!one!reminder!to!invite!patients!worked!best!for!the!call!and!recall!system.!
In!terms!of!screening!method,!the!study!demonstrated!that!screening!using!indirect!
ophthalmoscopy! alone! was! as! effective! as! using! a! digital! camera.! This! was! in!
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contrast! to! the! recommended! screening! guidelines! outlined! by! the! UK! National!
Screening!Committee!(46).!!
Summary!
!
The! risk! of! vision! loss! due! to! DR! in! Brunei! is! likely! to! increase! as! the! diabetes!
epidemic! continues! to! grow.! Early! detection! of! sight! threatening! stages! of! the!
disease!is!key!to!preventing!sight!loss.!Screening!for!DR!was!introduced!in!Brunei!in!
2006,! but! there! were! some! concerns! about! the! approach! in! terms! of! coverage,!
quality!and!resource!use.!The!Ministry!of!Health!has!called!for!the!introduction!of!a!
more!systematic!DR!screening!programme.!However,!it!is!unclear!how!DR!screening!
should!be!structured!without!a!detailed!understanding!of!the!processes,!resources,!
and!strengths!and!weakness!of!the!existing!DR!screening!model.!
!
In!15!studies!evaluating!DR!screening!at!the!programme!level,!the!majority!were!UK!
based.! No! comprehensive! evaluation! studies! have! been! conducted! in! Brunei! or!
elsewhere!in!the!region.!Evaluations!of!the!UK!programmes!suggest!that!systematic!
DR! screening! results! in! increased! screening! coverage,! uptake,! better! diagnostic!
accuracy!supported!with!quality!assurance!initiatives!and!is!costOeffective.!However,!
due!to!differences!in!epidemiology,!resource!use!and!health!systems,!these!findings!
may! not! be! generalizable! to! the! Brunei! setting.! There! is! a! need! to! evaluate! the!
screening!programme!in!Brunei! to!understand!how!DR!screening! is!currently!being!
conducted,! to! identify!what! is!working!well!and!what! is!not,!and! finally! to!explore!
the!enabling!factors!as!well!as!barriers!to!help!determine!strategies!towards!making!
the!existing!system!more!systematic.!
!
!
!
!
!
!
!
!
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Table!1(10!Published!studies!that!have!evaluated!DR!screening!models!included!in!this!review!
Country,!
Year!(Ref)!
Study!
location!
Study!Objectives! Study!methods! Screening!model!
United!
Kingdom,!
2002!(74)!!
North!
London!!
To!estimate!
screening!coverage!
and!uptake;!to!
evaluate!clinical!
findings!of!attended!
cases;!to!estimate!
positive!predictive!
values!of!the!
different!models!
across!the!three!
different!models!
and!to!determine!
patient!and!
providers!
satisfaction.!
1. 1.Database!
and!case!note!
review!
2. Postal!
questionnaire!
survey!for!
patients!
3.!SemiO
structured!
interviews!of!KI!
GPOled!vs.!
optometry!
(Camera)!vs.!
optometry!
(indirect!
ophthalmoscope)!
United!
Kingdom,!
2002!(75)!
St!Helens!
and!
Knowsley!
To!compare!
sensitivity!and!
specificity!with!
National!Standards!
Audit!against!
National!
Screening!!
Standards!!
Trained!
optometrists!
using!slit!lamp!
with!Volk!Lens!
(78D)!with!
standard!
reporting!vs.!
ophthalmologists!
with!same!
equipment.!
Australia,!
2003(62)!
Kimberly!
Public!
Health!
Unit!!
To!describe!the!
screening!
programme!and!to!
evaluate!how!
patients!were!
identified!for!
screening;!to!
estimate!the!time!
taken!for!database!
entry!and!reporting!
of!screening!
outcomes!and!time!
taken!to!call!and!
recall!patients!for!
follow!up!screening.!!
Document!
review!and!DR!
screening!
database.!!
DR!Screening!
done!by!
credentialed!
aboriginal!health!
workers!and!
nurses!using!
digital!camera.!!
United!
Kingdom,!
25!Health!
Authorities!
To!compare!
screening!coverage!
Study!
Questionnaire!
a. 9!health!
authorities!
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2004!(96)! (HA)!in!
England!
and!Wales.!
in!different!
screening!models.!!
with!no!
population!
based!
screening!
b. 6!health!
authorities!
with!
optometry!
scheme!
c. 6!health!
authorities!
with!digital!
camera!
Scheme!
d. 4!health!
authorities!
with!mixed!
scheme!
United!
Kingdom,!
2004!(76)!
Stockport! To!determine!
screening!sensitivity!
and!specificity!for!
STDR!
Audit!of!hospital!
system!and!
assessment!of!
patients!recalled!
for!further!
assessment!by!
Ophthalmologist.!
DR!screening!by!
Optometrist!(SLO
BIO)!vs.!
Ophthalmologists!
France,!
2005!(78)!
North!
Paris,!!
To!compare!digital!
camera!screening!
model!against!
standard!
Ophthalmology!eye!
examination!!
Study!
questionnaire!for!
patient!
demography,!
clinical!
characteristics!
and!patients’!
outcome!and!
satisfaction!
358!patients!
screened!with!
nonOmydriatic!
camera!
(experiment!
group)!vs.!320!
patients!
undergoing!
dilated!eye!
fundus!exam!by!
ophthalmologist!
(control!group)!
United!
Kingdom,!
2006!(97)!
North!
Wales!!!!!!!!
(3!local!
Health!
boards)!
To!compare!
screening!coverage!
across!different!
screening!models;!
to!identify!barriers!
to!meet!national!
standards!for!
screening!coverage;!
to!analyse!hospital!
Audit!of!central!
patient!register!
Optometry,!
Digital!
photography!and!
hospital!based!
examinations!
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referral!cases!as!a!
measure!to!
understand!
population!that!
have!not!been!
screened!
United!
Kingdom,!
2006!(98)!
South!East!
London!!
To!assess!DR!
screening!uptake;!
examine!variations!
in!attendance!rates!
and!screening!
outcomes!
CrossOsectional!
study!of!
centralised!
disease!register!
2003!
Digital!retinal!
screening!
programme!
India,!
2007!
(128)!
3!Districts!
South!
India!
To!compare!
screening!outcomes!
in!rural!and!urban!
settings!
Survey!and!
analysis!of!
findings!from!
screening!camps!
Binocular!indirect!
Ophthalmoscope!
with!20D!lens!by!
retinal!specialist!
United!
Kingdom,!
2008!
(105)!
Tayside!
Scotland!
To!identify!factors!
that!affect!
screening!
attendance!in!static!
and!mobile!DR!
screening!models!
Audit!of!regional!
diabetes!
populationO
based!database,!
retinal!screening!
and!laser!
database!and!
postcode.!
Mobile!Digital!
retinal!camera!at!
GP!practice!and!
static!camera.!
United!
Kingdom,!
2009!(79)!
Wakefield! To!compare!
screening!outcomes!
against!5!quality!
assurance!targets!
Retrospective!
audit!of!case!
notes!
Quality!
assurance!of!
screening!
programme!
digital!
photography!by!
trained!graders.!
France,!
2009!(77)!
Burgundy,!
72!areas!
with!
limited!
access!to!
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To!assess!screening!
outcomes!of!
screening!in!rural!
population!!
Review!of!DR!
screening!results!!
Fundus!
Photography!by!
Orthoptists,!
interpreted!by!
Ophthalmologist!
at!reading!centre!
France,!
2010!
(129)!
Burgundy! To!assess!influence!
of!mobile!DR!
screening!model!on!
overall!annual!DR!
screening!
attendance!rates.!
Audit!of!health!
information!
database!
Mobile!Digital!
Funduscopy!and!
hospital!follow!
up.!
United! Scotland! To!report!yield!of! Audit!of!clinical! Digital!retinal!
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Kingdom,!
2014!
(116)!
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the!first!5!years!of!
the!programme!
diabetes!
database!
screening!
programme!
!
!
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1.7! Research!aims!and!objectives!
 
Aim:!!
!
To!evaluate!the!pilot!health!centre!based!DR!screening!programme!in!the!BruneiO
Muara!District.!
!
Objectives:!
!!
1.!!!! To!identify!existing!screening,!grading!and!clinical!management!practices!and!
describe!the!organisation!of!the!diabetic!retinopathy!screening!approach.!
!
2.! To! estimate! the! DR! screening! coverage,! the! uptake! of! DR! screening! and!
treatment!in!the!DR!screening!programme.!
!
3.! To!analyse!key! characteristics! and!clinical! findings!of!persons!attending! the!
DR!screening!programme.!
!
4.! To! estimate! the! costs! per! person! associated! with! the! screening! and!
treatment!of!DR.!
!
5.! To! explore! the! perceived! strengths! and! weaknesses! of! the! DR! screening!
programme! and! opportunities! for! enhancing! the! programme! from! the!
provider’s!perspective.!!
! !
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2. Methodology!
2.1! Overview!!
!
Figure!2O1!and!2O2!outlines!the!different!research!methods!adopted!in!this!study.!A!
mixed! method! approach! was! used! which! is! defined! as! research! designed! for! the!
collection,!analysis!and!mixing!of!both!quantitative!and!qualitative!in!a!single!study!
to!understand!an!evaluation!problem!(130).!In!this!study,!structured!questionnaires,!
semiOstructured! interviews,! structured! observations! and! quantitative! analysis! of!
diabetic! retinopathy! registry! data,! costing! data,! and! routine! (patient! attendance)!
statistics!at!health!centres!and! the!National!Eye!Centre! (NEC)! in! the!BruneiOMuara!
district!were!conducted.!!
!
A! mixed! approach! was! selected! to! reflect! the! different! needs! of! each! objective!
within! this! evaluation! study! (Figure! 2O2).! By! selecting! a! mixed! approach,! findings!
from!different! study!objectives! could!be! corroborated! to! achieve!better! validity! in!
the!findings!(131).!In!addition,!mixed!methods!will!allow!for!a!more!comprehensive!
account!of!the!findings,!which!would!otherwise!be!incomplete!through!a!qualitative!
and! quantitative! approach! alone.! This! is! achieved! through! the! integration,! linking!
and!connection!of!the!different!methods!employed,!as!well!as!in!discussing!the!key!
findings!(131).!
!
Structured!interviews!were!selected!as!a!tool!to!assess!any!similarities!or!differences!
in!the!way!DR!screening!and!treatment!was!conducted!and!organised!in!the!different!
health! facilities! included! in! this! study.! This! approach! was! selected! primarily! to!
ensure! the! survey! questionnaire!was! asked! in! a! standardised!manner! to!minimise!
interviewer!related!errors!(131).!
!
SemiOstructured! interviews! (SSI)!were! conducted!with! key! informants! to!obtain! an!
inOdepth! understanding! of! the! key! strengths! and! challenges! faced! in! the!
implementation!of!the!DR!screening!programme!in!BruneiOMuara.!This!approach!was!
chosen! as! it! was! felt! that! it! offered! better! flexibility,! by! giving! a! chance! for! both!
interviewer! and! interviewees! to! clarify! responses,! which! will! contribute! to! better!
validity! of! findings.! In! addition,! through! probing! and! prompting,! SSI! will! allow! for!
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deeper!exploration!of! issues,!which!may!be!viewed!as! ‘sensitive! information’.! This!
would!otherwise!be!difficult!to!achieve!through!other!research!tools,!such!as!focus!
group!discussions.!!
!
Structured!observations!in!the!form!of!nonOparticipant!observations!were!conducted!
at!the!different!health!centres.!Structured!observations!were!not!strictly!guided!by!
an! observation! schedule.! Generally,! observations! of! the! flow! of! patients! going!
through!the!different!stages!of!DR!screening!in!the!clinics!were!recorded!in!a!project!
diary.! An! excerpt! of! the! project! notes! is! presented! in!Appendix! 11.! This! approach!
was! selected! to! triangulate! findings! from! structured! questionnaires! that! have!
inherent! weaknesses,! such! as! the! gap! between! stated! behaviour! and! actual!
behaviour,! variations! in! the! way! respondents! understand! key! terms! in! a! survey!
question,!and!many!more!(131).!!
!
Study!setting!
!
The! study! was! conducted! in! the! BruneiOMuara! district,! where! 70%! of! the! Brunei!
population! reside! (33).! The! seven!primary!health! centres!where!DR! screening!was!
introduced!in!2006!are!in!this!district!(Table!2O1),!as!well!as!the!National!Eye!Centre!
(NEC)! where! the!majority! of! DR! cases! are! referred! and! treated.! No! DR! screening!
programmes!currently!exist!in!the!other!three!districts!in!Brunei.!
Table!2(1!The!seven!health!centres!included!in!the!study!
Health!centres!in!Brunei!Muara!district!(see!figure!186)!
Gadong!Health!Centre!
Silver!Jubilee!Sengkurong!Health!Centre!
Bandar!Seri!Begawan!Health!Centre!
Berakas!‘A’!Health!Centre!
Berakas!‘B’!Health!Centre!
Pengiran!Anak!Puteri!Hjh!Rashidah!Sa’adatul!Bolkiah!Health!Centre!
Muara!Health!Centre!
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Stance!of!researcher!
!
I!am!the!National!Prevention!of!Blindness!Coordinator!for!Brunei!and!an!employee!of!
the! Ministry! of! Health.! For! the! purposes! of! the! study,! I! maintained! an! external!
stance!to!the!study!environment!by!adopting!a!nonOparticipative!role!throughout!the!
study.!However,!my! role! as! the!National! Prevention!of!Blindness!Coordinator!may!
influence!the!participants’!responses!during! interviews!and!observations.!Efforts!to!
minimise! this! effect! included! reassuring! participants! of!my! role! as! a! postgraduate!
student!and!study!confidentiality.!!!!!!!
!
Consent!and!ethics!approval!
!
Prior! to! administering! the! questionnaires! and! conducting! semiOstructured!
interviews,! both! written! and! verbal! consent! (Appendix! 9)! from! key! respondents!
were!obtained.! Informants!were!provided!with!an!information!sheet!(Appendix!10)!
that!outlined!the!objectives!of!the!study,!expectations!of!respondents!and!due!to!the!
nature! of! the! study,! (evaluation! of! health! system)! statements! regarding! study!
confidentially!were!explicitly!mentioned.!
!
Prior!to!commencing!the!study,!administrative!and!ethics!approval!from!the!Medical!
and!Health!Research!Ethics!Committee!(Brunei)(Appendix!5)!and!the!London!School!
of!Hygiene!and!Tropical!Medicine!were!obtained!(Appendix!6).!!
! !
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2.2! Overview!of!the!different!study!methods!!
!
Figure!2(1!Overview!of!the!different!study!objectives!
!
!
!
! !
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!
Figure!2(2!Flowchart!showing!different!study!methods!by!study!objectives!
! !
DESCRIBE!
DR!Screening!model!
ANALYSE!
COSTS!!!!!!!!!
!
Structured! interviews! with! key!
informants,! observations! and! data!
collection!at!health!locations!
!
• Identify!and!measure!resource!use!for!
both!screening!models!and!treatment!
through!interview!and!medical!records!
review!
• Identify!unit!costs!from!MoH!data!and!
existing!literature!
• Calculate!per!person!cost!for!DR!
screening!and!treatment!
• Analyse!cost!data!
!
ANALYSE!
Demographics!and!
clinical!characteristics!
Data! collection! of! DM,! DR! registry,!
statistics!and!medical!records!from!various!
health!institutions!
!
ESTIMATE!
Coverage!and!Uptake!
Data!analysis!of!DR!registry!
!
ANALYSE!
Stakeholder’s!
perspective!
SemiOstructured!interviews!with!key!
informants,!observations!and!data!
collection!at!health!locations!
!
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2.3! Conceptual!framework!
!
Health!systems!strengthening!(HSS)!
!
There! is! an! increasing!uptake!of! the!health! systems!approach! in! evaluating!health!
programmes.! However,! in! a! review! of! 106! evaluations! in! low! to! middle! income!
country!settings!between!2009O2010,!it!was!reported!that!the!use!of!HSS!as!a!study!
framework!was!still!limited,!where!almost!half!of!all!evaluations!focused!on!only!one!
HSS! building! block! (132).! Similarly,! in! the! context! of! eye! care,! the! use! of! a! health!
systems!approach!is!almost!nonOexistent!(117).!!
!
The!health!systems!framework!will!be!used!an!analytical! framework!to!understand!
the! context! surrounding! the! delivery! of! DR! screening! and! treatment! in! BruneiO
Muara,! with! the! six! building! blocks! used! as! a! framework! to! understand! how! DR!
screening!and!treatment!processes!apply!to!the!different!building!blocks!in!order!to!
identify!any!process!gaps!and!limitations.!
!
! !
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2.4! Study!methods!
!
2.4.1! Objective!one:!To!identify!existing!screening,!grading!and!clinical!
management!practices!and!describe!the!organisation!of!the!diabetic!retinopathy!
screening!approach.!
!
Study!methods!
!
Structured! interviews! with! key! informants! were! conducted! to! ascertain! the! key!
tasks/activities! and! the! resources! involved! in! the! provision! of! the! DR! screening!
programme!at!the!seven!different!primary!health!centres!and!in!the!delivery!of!DR!
treatment!at!the!National!Eye!Centre.!!
!
Sampling!
!
These!key! informants!were!purposively!sampled!based!on!their! involvement! in!the!
DR!screening!programme.!This!approach!was!chosen!as!the!number!of!staff!involved!
in!DR!screening!is!very!limited.!In!addition,!as!staff!members!undergo!rotation!from!
one!health!centre!and!the!unit!of!analysis!is!by!health!centre,!it!was!appropriate!to!
identify!key!personnel!who!understood!the!processes!and!practices!at!specific!health!
centres.!
!
Study! participants! included! all! GPs! in! charge! at! the! health! centre! (seven! GPs),! all!
ophthalmologists!who! conducted! screening!examinations! (seven!ophthalmologists)!
and! ophthalmic! staff! involved! in! the! screening! programme! (five! ophthalmic!
nurse/assistants)!in!BruneiOMuara!district!(Table!2O2).!!
!
Structured! questionnaires! were! used! during! interviews.! They! were! designed! to!
understand!the!screening!pathway,!grading!pathway,!the!clinical!management!of!DR!
and! the! organization! of! DR! screening! services.! In! addition,! to! develop! a! detailed!
representation! of! DR! screening! and! treatment! processes! from! the! perspective! of!
three!distinct!groups,!GPs,!DR!screening!team!and!vitreoOretinal!surgeons!(Table!2O
3),! three! different! questionnaires! (for! specific! groups)! were! piloted! prior! to! use!
(Appendix!1,!Appendix!2!and!Appendix!3).!
!
!
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Data!collection!
!
Structured! questionnaires!were! administered! through! faceOtoOface! interviews!with!
key! informants! (Table!2O2)!between!October!to!November!2013.! In!addition!to!the!
structured!questionnaires,!structured!observations!were!conducted!at!all!the!seven!
primary! health! centres! and! the! National! Eye! Centre.! Findings! were! recorded! in! a!
project! diary! kept! throughout! the! site! visits.! This! information! was! used! to!
supplement! the! understanding! of! key! activities! and! resources! involved! in! the!
screening!pathway.!!
!
Analysis!
!
Results!of!the!structured!interview!questionnaires!were!analysed!and!compared!with!
findings!from!structured!observations!to! identify!key!processes!and!resources!used!
in!DR!screening!and!treatment.!The!key!processes!were!presented!in!a!flowchart!to!
reflect! the! process! at! each! stage! of! screening! and! treatment.! In! addition,! the! key!
features! of! each! process! and! resources! used! at! different! health! centres! were!
tabulated!to!contrast!the!findings!at!each!health!centre.!!!
!
! !
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Table!2(2!Key!informants!identified!for!structured!questionnaire!interviews!(by!cadre!and!role!in!
the!DR!screening!programme).!
! Job!Title!(Number*)! Role!in!the!screening!programme!
1! National!Programme!for!Prevention!of!
Diabetic!Blindness!Coordinator!(One)!
Coordinates!all!DR!screening!activities!
2! Ophthalmologists! involved! in!
screening!at!each!health!centre!(Five)!
Conducts! eye! examination! in! the! screening!
programme!
3! VitreoOretinal!specialist!(One)! Conducts!DR!treatment!
4! Ophthalmic! nurse! (InOcharge!National!
Eye!Centre!O!One)!
Supervises! all! ophthalmic! nurses! and!
assistants;! organises! resources! for! all! DR!
screening! activities! at! primary!health! centres!
and!manages!ophthalmic! treatment!activities!
in!the!NEC!
5! Ophthalmic!nurses!and!assistants!
involved!in!screening!at!each!health!
centre!(Four)!
Conducts! case! history,! VA! assessments,!
dilation! and! manages! DR! screening!
appointments,!referrals!and!statistics!
6! General!Practitioners!(InOcharge!at!
each!health!centre!O!Seven)!
The! administrative! head! of! all! GPs! at! each!
health!centre;!diagnoses,!manages!and!refers!
DM!cases!for!eye!screening!
*!Number!denotes!number!of!personnel!interviewed.!
Table!2(3!Screening!pathway,!grading!pathway!and!clinical!management!from!different!stakeholder!
perspective.!
Screening!pathway! Perspective!
1. To! establish! how! diabetic! patients! are! identified! by! GPs! at! each!
health!centre.!
2. To! establish! how! data! on! diabetic! patients! is! managed! (e.g.,!
whether!a! list!of!diabetic!patients! is!kept!at!the!health!centre!and!
the!process!involved!in!managing!the!list).!
3. To!assess!the!method!and!type!of!information!conveyed!to!diabetic!
patients!at!primary!health!centres!on!the!following!key!points:!
•! Information!on!DR!as!a!consequence!of!DM!
•! Understanding!the!importance!for!annual!screening!!
•! Patient!Information!on!DR!screening!process!!
4.! To! understand! the! processes! involved! for! GPs! referring! diabetic!
patients!to!DR!screening!at!each!primary!health!centre!(e.g.!when!are!
they!referred,!how!often!and!by!whom).!
!
!
GPs! at! health!
centres!
5.! To! understand! key! processes! involved! in! DR! screening! of! diabetic!
patients!referred!by!their!GPs!to!the!health!centre!O!from!the!time!the!
patient!reports!for!attendance!on!the!day!of!screening!through!to!when!
the!patient!leaves!the!health!centre.!
DR! Screening!
team!
(ophthalmologists
,! ophthalmic!
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!!
6.! To! document! the! DR! screening! sessions,! personnel! and! resources!
involved!in!conducting!all!processes!identified!in!step!!
nurses/assistants)!
perspective! at!
each! health!
centre!
Grading!pathway! !
7.!To!establish!details!of!the!screening!test!used!in!diagnosing!DR!(who!
conducts!the!examination!and!how)!
!
8.!To!establish!the!type!of!DR!grading!system!used!at!the!health!centre.!
!
9.! To! assess! the! present! application! and! use! of! grading! protocol! by!
screeners!to!make!decisions!to!refer!for!treatment!or!follow!up.!!
!
10.!To!understand!ophthalmic!management!and!referral!procedures!for!
patients!who!are!identified!with!No!DR,!background!DR!and!STDR.!
!
11.!To!understand!administrative!aspects!of!referral!to!the!NEC!and!to!
list! key! resources! required! for! further! ophthalmic! evaluation! and!
management!at!the!main!hospital.!
!
12.!To!estimate!how!long!patients!have!to!wait!for!an!appointment!at!
the! NEC! following! a! positive! screening! test! time! taken! to! refer! STDR!
cases!!
DR! Screening!
team!
(ophthalmologists
,! ophthalmic!
nurses/assistants)!
perspective! at!
each! health!
centre!
Clinical!management!of!cases!referred!to!hospital.! !
13.!To!understand!the!process!of!retinal!examination!conducted!at!the!
NEC! (method! and! grading! scheme)! to! confirm! the! screening! test!
results.!!
!
14.! To!establish!mode!of! treatment!adopted!by! vitreoOretinal! team! in!
the!management!of!STDR!cases!(PDR!and!MO).!
!
15.!To! list! key!processes! involved! in!delivering! the!different!modes!of!
treatment! identified! in! step! 13! (e.g.! type! and! number! of! treatments!
given!to!treat!PDR!and!MO,!who!treatments!are!delivered!by).!
!
16.! To! document! personnel! and! other! resources! involved! and!
estimated! time! taken! to! conduct! all! processes! identified! in! step! 15.
! !
!
!
!
VitreoOretinal!
team!
!
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2.4.2! !Objective!two:!To!estimate!the!DR!screening!coverage,!DR!screening!uptake,!
DR!referral!uptake!and!DR!treatment!in!the!DR!screening!programme!in!the!BruneiO
Muara!district.!!
!
A.! Screening!coverage!
!
i.! Study!Methods!
!
Screening! coverage!was!defined!as! the!proportion!of!diabetic!patients! referred!by!
GPs!for!diabetic!eye!screening!that!have!undergone!at!least!one!eye!examination!at!
the!same!health!centre.!!
!
The!process!of!estimating!screening!coverage! is!outlined! in!Figure!2O3.!Patient! lists!
from! the! respective! data! sources! (see! below)! for! all! seven! health! centres! from!
January! –! December! 2012! were! compiled! and! then! matched! for! availability! of!
records! (appointment! date! on! the! referral! appointment! book! with! the!
corresponding!data!on!patient! attendance!date! statistics).!Due! to! incomplete!data!
(unmatched!records),!only!records!for!six!health!centres!and!a!time!period!between!
January!–!March!2012!were!included.!All!patient!data!(from!GP!appointment!book!O!
see!below)!for!the!three!month!period!were!extracted!and!entered!into!a!database.!
Using! the!patient! attendance! statistics! for! the! same!data!period! (January!–!March!
2012),! patient! attendance! or! absence! was! determined! (all! patients! attending! DR!
screening! sessions! were! recorded! in! the! attendance! statistics! form).! The! same!
process! was! repeated! for! an! extended! time! period! (January! –! June! 2012)! to!
determine! any! patients! who! have! attended! within! 3! months! after! the! original!
appointment!date!given!by!the!DR!screening!team.!!!!!
!!!!!
Exact! screening! coverage! (ESC)!was! calculated! by! dividing! the! total! number! of!GP!
referred!patients!who!attended!the!screening!session!(X1)!with!the!total!number!of!
GP!referred!patients!to!the!same!health!centre!(X)!between!January!–!March!2012.!
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Figure!2(3!Process!for!estimating!screening!coverage!
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Total! screening! coverage! (TSC)!was! calculated! by! dividing! the! total! number! of! GP!
referred!patients!who!attended! the!screening!session! (Y1)!between! January! O! June!
2012!with! the! total! number!of!GP! referred!patients! to! the! same!health! centre! (X)!
between!January!O!March!2012.!
!
ii.! Data!sources!
!
GP!to!DR!screening!referral!appointment!book!
The!GP!to!DR!screening!referral!appointment!book!is!a!manually!kept!(handwritten)!
appointment!book!used!by!GPs! to! refer!diabetic!patients,!under! their! clinical! care,!
for!eye!examination.!Information!recorded!in!this!appointment!book!includes:!
!
•! Date!of!appointment!
•! Medical!Record!Number!
•! Name!
•! Gender!
•! Year!of!Birth!
•! National!identification!number!
•! Contact!telephone!number!
!
DR!screening!attendance!form!
!
The! DR! screening! attendance! form! records! all! patients! that! have! attended! DR!
screening! sessions! at! any! of! the! seven! primary! health! centres.! It! is! a! manually!
handwritten!form!that!records!the!following!information:!
!
•! Date!of!appointment!
•! Attending!eye!doctor!
•! Health!centre!
•! Medical!record!number/National!Identification!card!number!
•! Year!of!Birth!
•! Race!(ethnic!background)!
•! Presenting!visual!acuity!(right!and!left!eye)!
•! Patient!reported!information!on!the!following:!
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o! Diabetic!status!!
o! Duration!of!diabetes!
o! Presence/absence!of!hypertension!
o! Presence/absence!of!hypercholesterolemia!
o! Presence/absence!of!hypertension!
o! Presence/absence!of!renal!problems!
o! Current!smoker!or!not!
•! Latest!biochemical!laboratory!tests!for!the!following:!
o! Fasting!blood!sugar!
o! Hba1c!
•! Contact!telephone!number!
•! Intraocular!pressure!readings!(when!indicated)!
•! Diagnosis!
•! Duration!of!next!review.!
!
iii.! Time!period!
!
The! time! period! selected! for! data! collection! was! January! –! December! 2012! to!
account! for! seasonal! variations! that! may! occur! throughout! the! year! (e.g.! public!
holidays)!and!was!viewed!as!the!most!recent!and!best!available!data.!From!January!
2013,!the!NEC!trialled!a!new!data!collection!system!for!DR!screening!as!part!of!the!
introduction!of!a!new!DR!grading!system!(REPAS!Grading!System),!due!to!the!interim!
nature!of!the!project,!access!to!this!data!was!limited.!!!!!!!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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B.! Screening!uptake!
!
i. Methods!
Screening! uptake! was! defined! as! the! proportion! of! diabetic! patients! identified! as!
having! NSTDR! at! screening! that! have! attended! follow! up! eye! examinations! the!
following!year.!!
!
The! process! of! estimating! screening! uptake! is! outlined! in! Figure! 2O4.! Patient! lists!
from! the! respective! data! sources! (see! below)! for! all! seven! health! centres! from!
January! –! December! 2012! were! compiled! and! then! matched! for! availability! of!
records! (appointment! date! on! DR! screening! appointment! book! with! the!
corresponding!data!on!patient! attendance!date! statistics).!Due! to! incomplete!data!
(unmatched!records),!only!records!for!a!time!period!between!January!–!March!2012!
were! included.!All!patient!data!(from!DR!screening!appointment!book!O!see!below)!
for!the!three!month!period!were!extracted!and!entered! into!a!database.!Using!the!
patient! attendance! statistics! for! the! same! data! period! (January! –! March! 2012),!
patient!attendance!or!absence!was!determined!(all!patients!attending!DR!screening!
sessions! were! recorded! in! the! attendance! statistics! form).! The! same! process! was!
repeated! for! an! extended! time! period! (January! –! June! 2012)! to! determine! any!
patients!who! have! attended!within! 3!months! after! the! original! appointment! date!
given!by!the!GPs.!!!!!
!!!!!
ESU!was! calculated!by!dividing! the! total! number!of!patients!who!have!been!given!
follow!up!appointments!that!have!attended!the!screening!session!(Y1)!with!the!total!
number!of!patients!who!have!been!given!follow!up!appointments!by!the!DRS!at!the!
same!health!centre!(Y)!between!January!–!March!2012.!
!
TSU!was! calculated!by!dividing! the! total! number!of!patients!who!have!been!given!
follow! up! appointments! that! have! attended! the! screening! session! (Y1)! between!
January!–!June!2012!with!the!total!number!of!patients!who!had!been!given!follow!up!
appointments!by! the!DRS!at! the! same!health! centre! (Y)!between! January!–!March!
2012.!
!
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Figure!2(4!Process!for!estimating!screening!uptake!
COMPILE patient lists (using DR screening appointment book and 
DR screening attendance statistics) for all seven health centres  
from period January - December 2012.
Yes
No
Yes
No
Y
e
s
N
o
Patient data ENTERED by appointment date into database  
 
Total number of patients given follow up appointments by DRS 
from January - March 2012 ( Y )
Patient data MATCHED with  
corresponding attendance statistics
Attended on 
screening date
Attended within 3 
months of  
appointment date
MATCH patient data (given follow up appointment dates) with 
corresponding attendance statistics (by Month) 
And SELECT matching Records to be used 
Total number 
attended on exact 
screening date (  Y1 ) 
 
ESU =  Y1 / Y
Defaulters
MATCHED 
 data
Excluded: 
 
April - December 2013 for all health 
centre ( missing records)
Total number 
attended within 3 
months ( Y2 ) 
 
TSU = Y2 / Y
ESU - Exact screening Uptake 
TSU - Total Screening Uptake
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ii.! Data!sources!
!
DR!screening!appointment!book!
!
The!DR!screening!appointment!book! is!a!manually!kept!(handwritten)!appointment!
book! used! by! the! DR! screening! team! (ophthalmologist! and! ophthalmic!
nurse/assistants)!to!record!all!follow!up!eye!examinations!for!diabetic!patients!that!
have! been! identified! as! either! having! no! DR! or! NSTDR.! Each! respective! primary!
health! centre! manages! their! own! appointment! list! and! is! updated! by! ophthalmic!
nurses/assistants!allocated!to!each!health!centre.!
!
Information!recorded!the!appointment!book!includes:!
!
•! Date!of!appointment!
•! Medical!record!number/National!Identification!card!number!
•! Year!of!birth!
•! Contact!telephone!number!
•! Diagnosis!
!!
DR!screening!attendance!form!(see!Page!79)!
!
iii.! Time!period!
!
The! time! period! selected! for! data! collection! was! January! –! December! 2012! to!
account! for! seasonal! variations! that! may! occur! throughout! the! year! (e.g.! public!
holidays)!and!was!viewed!as!the!most!recent!and!best!available!data.!From!January!
2013,!the!NEC!trialled!a!new!data!collection!system!for!DR!screening!as!part!of!the!
introduction!of!a!new!DR!grading!system!(REPAS!grading!system),!due!to!the!interim!
nature!of!the!project,!access!to!this!data!was!limited.!!!!!!!!
!
!
!
!
!
!
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C.! DR!referral!and!treatment!uptake!
!
i.!! Methods!
DR! referral! uptake! was! defined! as! the! proportion! of! STDR! cases! identified! by! DR!
screening!and!referred!to!the!vitreoOretinal! team!at!NEC!for! further!evaluation.!DR!
treatment! uptake! was! defined! as! the! proportion! of! STDR! cases! identified! by! the!
vitreoOretinal!team!at!NEC!as!needing!treatment!(laser!photocoagulation)!that!have!
undergone!treatment.!!
!
The!process!for!estimating!DR!referral!and!treatment!uptake!is!outlined!in!Figure!2O
5.!All!STDR!patients!recorded!in!patient!attendance!statistics!for!all!the!seven!health!
centres! (January! –! December! 2012)! were! compiled! and! patient! data!was! entered!
into! a! database.! The! data! were! then! matched! with! patients! recorded! to! have!
undergone!laser!treatment!at!the!NEC!between!January!–!July!2013.!!!
!
DR!referral!for!uptake!was!estimated!by!dividing!the!total!number!of!STDR!patients!
that! were! referred! to! NEC! for! further! evaluation! by! the! total! number! of! STDR!
patients!referred!to!the!NEC!in!2012!by!the!DR!screening!programme!(Z).!!
!
DR!treatment!uptake!was!estimated!by!dividing!the!total!number!of!STDR!patients!
who!had!laser!photocoagulation!(Z’)!by!the!total!number!of!STDR!patients!referred!
to!the!NEC!in!2012!by!the!DR!screening!programme!(Z).!!
!
ii.! Data!sources!(DR!screening!attendance!form!–!see!page!79)!
!
Laser!photocoagulation!logbook!(NEC)!
!
The! laser! logbook! lists! all! laser! procedures! conducted! in! the! NEC! including! laser!
photocoagulation!cases.!The!list!includes!the!following!information:!
•! Patient!name!
•! Age!
•! Gender!
•! Medical!Record!Number!
•! Diagnosis!
•! Details!of!laser!procedure!
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Figure!2(5!Process!for!estimating!referral!uptake!and!treatment!uptake!
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2.4.3! !Objective!three:!To!analyse!key!characteristics!and!clinical!findings!of!
persons!attending!the!DR!screening!programme!
!
In!this!study,!the!“worse!eye”!was!chosen!to!define!the!retinal!status!based!on!the!
DR! grading! classification! described! in! tables! 1O3! and! 1O4.! STDR! is! defined! as! the!
presence! of! either! neovascularization! and/or! vitreous! haemorrhage! (PDR)! and/or!
with!the!presence!of!MO.!!
!
i.! Study!method!
!
Descriptive!analysis!of!DR!registry!data!
!
DR!registry!data!collected!from!1996!–!2008!were!used!as!source!data.!Information!
from!the!registry!was!extracted!using!specific!queries!function! in!Microsoft!Access.!
Descriptive!analysis!of!people! in! the!DR! register!will! be! conducted! to!describe! the!
following:!
!
•!Age,!gender!and!ethnic!group!distribution!of!diabetic!patients!
•!Proportion! of! diabetics! that! have! undergone! cataract! surgery! (cataract! is!
often!earlier!in!diabetics)!!
•!Proportion!of!patients!at!each!level!of!DR!
•!Proportion!of!patients!by!DM!type!
•!Proportion!of!patients!with!hypertension!!
•!Proportion!of!patients!with!hyperlipidaemia!
•!Proportion!of!patients!with!renal!disease!
•!Mean!DM!duration!
•!Mean!FBS!!
•!Mean!HbA1c!duration!!
!
Measures!of!association!(chiOsquare!test!and!multivariate!logistic!regression)!will!be!
conducted!to!compare!the!following!factors!by!level!of!DR!and!health!centre:!
!
•!Proportion!of!patients!with!hypertension!!
•!Proportion!of!patients!with!hyperlipidaemia!
•!Proportion!of!patients!with!renal!disease!
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•!Mean!age!!
•!Mean!DM!duration!
•!Mean!FBS!duration!!
•!Mean!HbA1c!duration!!
!
Data! analysis! (chiOsquared! test! and!multivariate! logistic! regression)!was! conducted!
using!STATA!10!statistical!software(133).!!
!
ii.! Diabetic!Retinopathy!Registry!(2008!–!2012)!
!!
A!DR!registry!was!initiated!in!2006!that!aimed!to!register!all!patients!attending!the!
DR!screening!programme!at! the!seven!primary!health!centres! in! the!BruneiOMuara!
district.! Between! 2008! –! 2012,! demographic! and! clinical! information! of! 8,500!
patients!has!been!collected.!Registered!patients!included!the!following:!
!
• New!DM!cases!referred!by!GPs!to!DR!screening!in!each!health!centre!
• DR!cases!that!have!been!attending!the!annual!eye!examination!(DR!clinics)!at!
the!main!eye!referral!centre.!
!
The! DR! registry! was! recorded! using! Microsoft! Access! and! the! Brunei! National!
Identification!Card! (IC)! number!was!used!as! a!unique! identifier! in! the!database! to!
prevent! any! duplication! of! data! entry.! The! demographic! details! collected! for! each!
registered!patient!are!as!follows:!
!
•! Age!!
•! Gender!
•! Ethnicity!
•! National!Identification!Card!number!
•! Medical!Record!Number!
•! Contact!number!
•! Date!and!location!of!registration!
•! Nearest!health!centre!(to!their!place!of!residence)!
!
!
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Clinical!information!
!
Clinical! data! collected! (established! through! clinical! examination! and! biochemistry!
laboratory!tests)!for!each!registered!patient!are!as!follows:!
!
•! Monocular!visual!acuity!(with!available!correction)!
•! DR!status!(dilated!fundus!examination!using!Airlie!House!grading!system)!
•! Follow!up!treatment!plan!(and!screening!frequency)!
•! FBS!
•! Hba1c!
!
In! addition,! the! following! selfOreported! clinical! information! for! each! registered!
patient!was!collected!through!case!history:!
!
•! Type!of!DM!
•! DM!duration!(years)!
•! Presence!of!hypertension!(Yes/No)!
•! Presence!of!hyperlipidaemia!(Yes/No)!
•! Presence!of!renal!disease!(Yes/No)!
•! Current!smoking!status!(Yes/No)!
!
!
!
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2.4.4! Objective!four:!To!estimate!the!costs!per!person!associated!with!the!
screening!and!treatment!of!DR.!
!
i.! Study!method!
!
Health!provider!costing!!
!
A!costing!study!was!conducted! from!the!perspective!of! the!Ministry!of!Health,! the!
main!health!care!provider!in!Brunei!(14).!The!screening!cost!data!collection!focused!
on! one! health! centre! (Gadong! health! centre),! the! largest! and! most! established!
health!centre!in!the!BruneiOMuara!district.!The!tertiary!eye!referral!centre!(National!
Eye!Centre)!based!in!the!same!district!was!the!focus!for!costing!DR!treatment.!!
!
Throughout!this!study,!the!economic!definition!of!costs!(also!known!as!opportunity!
cost)!was!adopted,!whereby!costs!of!all! input!resources!were!included,!irrespective!
of! whether! it! has! direct! financial! cost! implications! to! the! program! (30).! All! prices!
were! collected! in! Brunei! dollars! (B$)! and! prices! were! then! converted! to! British!
Pounds!Sterling!on!the!basis!of!average!exchange!rate!(2012)!£1!=!B$!1.97.!!
!
Micro^costing!approach!
!
An! ingredients! approach! to! costing! was! used! whereby,! total! costs! to! deliver! an!
intervention! were! calculated! based! on! the! total! amount! of! resources! consumed!
multiplied! by! the! unit! value! (or! price)! of! each! resource! consumed.! Resources!
included! capital! items! (e.g.! buildings,! land,! equipment)! and! recurrent! resources,!
staff,!consumables!(e.g.!medications)!and!utilities!(e.g.!electricity!and!water).!
!
Fixed!Costs!
!
Capital! costs! (equipment,! buildings! and! land)! are! assets! that! are! used!over! a! long!
period!of!time.!To!account!for!depreciation!of!the!assets!(equipment!and!buildings)!
over! time! and! opportunity! costs,! capital! cost! items! were! annualised! (35)! using! a!
discount! rate! of! 3%! (36).! The! 3%! discount! rate! was! used! in! the! absence! of! any!
standard! recommendation! for! discount! rates! by! the! Ministry! of! Finance.! Similar!
rates!have!been!used!in!similar!costing!studies!(5).!!
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The!annual!cost!method!was!used!to!annualise!capital!cost!items.!It!is!an!accounting!
method!that!calculates!the!cost!per!year!of!owning!and!operating!an!asset!over! its!
entire!lifespan!(36).!!
Annualised!building!costs!
Building!costs!and! land!costs!used!for!DR!screening!and!treatment!were!estimated!
using!annualised!rental!costs!for!health!centre!(screening)!and!the!NEC!(treatment).!
Annualised!building!costs!were!calculated!by!dividing!the!value!of!the!building!by!the!
annualisation! factor.! The! annualisation! factor! used! was! 25.73! derived! from! a!
standard!table!(appendix!5)!using!a!discount!rate!of!3%!and!an!estimated!life!span!of!
the!building!of!50!years.!
The!value!of!the!building!was!estimated!by!multiplying!the!cost!of!building!with!the!
total!floor!area!used!for!DR!screening!and!treatment,!respectively.!The!rate!of!£843!
(rounded!off)!per!m2!was!used!as!the!cost!of!building.!This!is!the!typical!rate!used!by!
the!Estate!department,!Ministry!of!Health!in!budgeting!for!building!outpatient!clinics!
that!take!into!consideration!both!mechanical!and!engineering!building!costs!(6).!
Annualised!equipment!costs!
!
Equipment! used! for! DR! screening! and! treatment! in! BruneiOMuara! district! was!
identified!through!structured! interviews!and!this!will!be!described! in! later!sections!
(results! section:! resource! allocation).! Prices! for! all! ophthalmic! equipment! were!
obtained! from!the!most! recent! financial!data! (2012)! recorded!by! the!Procurement!
Section,!Ministry!of!Health.!!
!
Annualised!equipment!costs!for!DR!screening!(Gadong!Health!centre)!and!treatment!
(NEC)!were!calculated!by!dividing! the!value!of! the!equipment!by! the!annualisation!
factor.! The! annualisation! factor! used! was! 8.5302! derived! from! a! standard! table!
(Appendix! 5)! using! a! discount! rate! of! 3%! and! an! estimated! life! span! of! the!
equipment! of! 10! years.! All! medical! equipment! was! assumed! to! have! a! 10! year!
lifespan.!This!assumption!was!used!as!it!has!been!adopted!in!similar!costing!studies!
(91).!!
!
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Variable!Costs!
!
Variable! costs! such! as! staff! salaries! (e.g.! ophthalmologists! and! other! eye! cadres);!
consumables! (e.g.! eye! drops)! were! identified! through! interviews! with! key!
informants.! Details! of! staff! and! estimated! usage! of! consumables! have! been!
described!in!other!sections!(see!section!3.2.5).!Prices!for!variable!costs!were!based!
on!the!most!recently!available!MOH!financial!data!(2012).!!
!
Staff!costs!for!DR!screening!and!treatment!
!
Total!staff!costs!per!screening!day!and!treatment!day!were!calculated!using!the!basic!
rate! of! pay! formula! (Equation! 1).! This! formula,! adopted! from! the! Ministry! of!
Manpower,!Singapore’s!employment!practices,!has!been!used!to!calculate!daily!pay!
rates! that! accounts! for! wage! adjustments! and! increments! that! an! employee! is!
entitled! to! under! his/her! contract! of! service.! This!method!was! selected! due! to! its!
similarity! with! employment! pay! rate! practices! in! the! Ministry! of! Health,! Brunei.!
Monthly! salary! used! in! the! calculation! was! based! on! typical! pay! rates! for!
ophthalmologists,! ophthalmic! nurses! and! assistants! employed! by! the! Ministry! of!
Health,!Brunei.!
!
Basic!Rate!of!Pay:!!!!!!!!!!!_________12!x!Monthly!Salary___________!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!52! x!Average! number! of! days! spent! on! screening! per!
week!
Equation!1.!Basic!rate!of!pay!formula,!adapted!from!Ministry!of!Manpower,!Singapore(134)!
Estimated!shared!costs,!utility,!maintenance!and!administrative!sundries!costs.!
!
Shared!overhead!costs! (e.g.!medical! records,!porter!services,! laundry,!etc.),!cost!of!
utilities! (e.g.! water! and! electricity! bills),! equipment! maintenance! costs! and!
administrative! sundries! (e.g.! stationery)! for! health! centre! and! hospitalObased!
activities! were! estimated! as! 10%! of! the! total! building! costs.! This! approach! was!
recommended! by! the! health! economist! member! of! the! DrPH! thesis! review!
committee.!!
!
!
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Costs!per!person!for!DR!screening!and!treatment!
!
Details!on!the!calculation!of!cost!per!person!for!DR!screening!and!DR!treatment!are!
as!follows:!!
!
• Screening!costs!
!
Total! per! patient! costs!was! calculated! as! the! sum!of! screeningOrelated!per!patient!
costs! and! per! patient! overhead! costs.! ScreeningOrelated! costs! per! patient! were!
estimated! by! total! screening! specific! costs! (staff,! equipment! and! consumables)!
divided! by! the! number! of! patients! screened! over! a! oneOyear! period! (2012)! at! the!
Gadong!health!centre.!Overhead!costs!per!patient!were!estimated!by!dividing!total!
overhead!costs!by!the!same!number!of!patients!screened!during!the!same!period.!!
Data! on! quantity! of! resource! use! were! estimated! through! interviews! with! key!
informants!and!based!on!Gadong!health!centre!records!in!a!12Omonth!period!(2012).!
This!data!will!be!described!in!detail!in!a!later!section!(section!3.2.5).!!
!
Staff!costs!
!
Total! staff! costs! (ophthalmologist! and! ophthalmic! assistants)! per! screening! day! at!
the! Gadong! health! centre! were! estimated! using! the! basic! rate! of! pay! formula!
described! earlier! (Equation! 1;! see! page! 91).! The! monthly! salary! used! in! the!
calculation! was! based! on! typical! pay! rates! for! ophthalmologists! and! ophthalmic!
assistants!employed!by!the!Ministry!of!Health,!Brunei(123).!
!
Annualised!equipment!costs!
!
Total! annualised! equipment! costs! (visual! acuity! chart! projector,! slit! lamp! bioO
microscope,! superOfield! lens,! indirect! and! direct! ophthalmoscope)! costs! for! DR!
screening!at!the!Gadong!health!centre!were!estimated!using!the!annual!equipment!
cost!formula!described!earlier!(see!Page!90).!The!unit!prices!of!the!equipment!were!
based!on!individual!equipment!prices!for!2012!provided!by!the!procurement!section!
of!RIPAS!hospital,!Ministry!of!Health.!
!
!
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Consumable!costs!
!
The! main! consumable! item! used! for! DR! screening! at! RIMBA! health! centre! was!
dilation!eye!drops!(Mydriacyl).!The!annual!cost!of!consumables!used!in!DR!screening!
was!estimated!by!multiplying! the!unit!cost!of!Mydriacyl! (2012,!MoH!prices)!by! the!
estimated!quantity!of!units!used!per!month.!The!usage!estimate!was!provided!by!the!
nurseOinOcharge!of!the!DR!screening!programme.!!
!
Annualised!building!costs!
!
Annualised! building! costs! of! the! examination! room! and! triage! room! used! was!
calculated! by! dividing! the! value! of! the! building! cost! by! the! annualisation! factor.!
Other! assumptions! and! rates! used! to! calculate! the! annualised! building! costs! have!
been!described!earlier.!
!
• Treatment!Costs!
!
Total! cost! per! patient! treated! was! calculated! by! adding! the! total! of! treatmentO
related!per!patient! costs!with!per!patient!overhead!costs.! TreatmentOrelated! costs!
per!patient!were!estimated!by!total!treatment!specific!costs!divided!by!the!number!
of! patients! treated! (laser! photocoagulation)! over! a! oneOyear! period! (2012)! at! the!
NEC.!Overhead!costs!per!patient!were!estimated!by!dividing!total!overhead!costs!by!
the!total!number!of!patients!treated!during!the!same!period.!!
For!the!purpose!of!this!model,!two!assumptions!were!made:!
!
1. Laser! photocoagulation! has! been! chosen! as! the!mode! of! treatment! for!
DR.! This! decision!was! based! on! the! recommendations!made! by! clinical!
experts! suggesting! that! treatment!outcomes! for! vitrectomy! for! advance!
staged!DR!is!less!clear.!!
2. Each!patient!underwent! three! laser!photocoagulation!treatments!within!
the! same! year.! Therefore,! the! number! of! patients! treated! in! 2012! is!
multiplied!by!three! in!the!above!calculation.!This!assumption!was!based!
on! findings! of! the! structured! interviews! with! vitroOretinal! specialists! at!
the!NEC.!!
! 94!
Staff!costs!
The!cost!per!treatment!day!for!each!staff!was!calculated!using!the!same!basic!rate!of!
pay!formula!(Equation!1)!used!to!calculate!cost!per!screening!day!described!earlier.!
The! monthly! salary! used! in! the! calculation! was! based! on! typical! pay! rates! for!
ophthalmologists!and!ophthalmic!nurses!employed!by!the!Ministry!of!Health,!Brunei.!
Equipment!costs!
Total! annualised!equipment! costs! (argon! green! laser,! visual! acuity! chart! projector,!
slit! lamp!bioOmicroscope,! superOfield! lens,! indirect! and! direct! ophthalmoscope)! for!
DR!treatment!at!NEC!were!calculated!using!the!same!formula!to!estimate!annualised!
equipment!cost!for!DR!screening!described!earlier.!The!unit!prices!of!the!equipment!
were!based!on! individual!equipment!prices! for!2012!provided!by! the!procurement!
section,!RIPAS!hospital,!Ministry!of!Health.!!
Consumable!costs!
!
The!main!consumable!item!used!for!DR!treatment!at!the!NEC!was!dilation!eye!drops!
(Mydriacyl)! and! local! anaesthetic! eye! drops! (Tetracaine).! The! annual! cost! of!
consumables! used! in! DR! screening! was! estimated! by! multiplying! the! unit! cost! of!
each! item! (Mydriacyl! and! Tetracaine)! by! the! estimated! quantity! of! each! eye! drop!
used!per!year!(based!on!total!number!of!patients!treated!in!2012!at!the!NEC).!Based!
on!the!information!gathered!from!nurseOinOcharge!at!the!NEC,!one!unit!of!each!eye!
drop!was! typically! used! by! each! individual! patient.! Unit! prices! for! both! eye! drops!
were! based! on! 2012! prices! obtained! from! procurement! section,! RIPAS! Hospital,!
Ministry!of!Health.!
!
!
! 95!
2.4.5! !Objective!five:!To!explore!the!perceived!strengths!and!weaknesses!of!the!DR!
screening!programme!and!opportunities!for!enhancing!the!programme!from!the!
health!provider!perspective!!
!
i.! Study!method!
!!
SemiOstructured! interviews! with! key! informants! using! an! interview! guide! were!
conducted!to!explore!the!perspectives!of!different!stakeholders!on:!
!
a)!The!strengths!and!weaknesses!of! the!screening!program!including!the!screening!
pathway,! grading! pathway,! clinical! management! and! the! organisation! of! the! DR!
screening!programme!and;!!
!
b)!Potential! improvements!that!could!be!made!to!the!programme!for!an!enhanced!
systematic!DR!screening!model.!!
!
Key! informants! invited! to! participate! in! this! study! were! sampled! using! the!
snowballing!technique,!based!on!their!involvement!in!the!DR!screening!programme!
in!the!BruneiOMuara!district!and!their!roles!in!the!Ministry!of!Health!(Table!2O4).!
Table!2(4!Key!Informants!identified!for!semi(structure!interviews!(by!cadre!and!role)!
!Job!Title!(Number)! Role!in!the!screening!programme!
1! Head!of!Ophthalmology!(One)! Administrative!head!for!the!Department!of!
Ophthalmology!in!the!Ministry!of!Health!
2! Head!of!Community!
Ophthalmology!(One)!
Administrative!head!of!community!
Ophthalmology!services!
3! National!Programme!for!
Prevention!of!Diabetic!
Blindness!CoOordinator!(One)!
Coordinates!all!DR!screening!activities!
4! Ophthalmologists!involved!in!
screening!at!each!health!
centre!(Seven)!
Conducts!eye!examination!in!the!screening!
programme!
5! VitreoOretinal!specialist!(One)! Conducts!DR!treatment!
6! Ophthalmic!Nurse!(InOcharge!
of!community!eye!services!–!
Supervises!ophthalmic!nurses!and!assistants!
and!organises!resources!for!all!DR!screening!
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One)! activities!including!DR!registry!and!statistics!
7! Ophthalmic!nurses!and!
assistants!involved!in!screening!
at!each!health!centre!(four!
Conducts!case!history,!VA!assessments,!
dilation!and!manages!DR!screening!
appointments,!referrals!and!statistics!
8! Endocrinologist!(One)!from!
Diabetic!Centre!
Involved!in!the!overall!clinical!management!
and!planning!of!services!for!all!Diabetics!in!
Brunei.!!
9! General!Practitioners!(InO
charge!at!each!health!centre!O!
Five)!
The!administrative!head!of!all!GPs!at!each!
health!centre;!diagnoses,!manages!and!refers!
DM!cases!for!eye!screening!
10! Head!of!Primary!Health!Care!
Services!(One)!
The!administrative!head!of!all!primary!health!
care!services!in!the!Ministry!of!Health!
!
Topic!guides!
A!topic!guide!(Appendix!4)!was!formulated!prior!to!the!interviews!focusing!on!four!
major!themes!(screening!pathway,!grading!pathway,!clinical!management!of!DR!and!
organisation!of!services)!that!was!guided!by!the!following:!
•! Issues! that! have! been! raised! during! informal! discussions!with! the! National!
Programme!for!Prevention!of!Blindness!coordinator!
•! Findings! of! structured! interview! questionnaires! conducted! prior! to! the! inO
depth!interviews!
•! Key!observations!during!site!visits!to!DR!screening!programmes!
•! Document!review!of!the!local!and!international!policy!documents!pertaining!
to! DR! screening! (Brunei! National! Programme! For! Prevention! Of! Diabetic!
Blindness,! Brunei! Clinical! Guidelines! for! the! Management! of! Diabetes!
Mellitus! and! the! European! group! for! Diabetic! Retinopathy!
Recommendations).!!
Interview!process!
SemiOstructured! faceOtoOface! interviews! were! mostly! conducted! in! English.! Two!
interviews!were!conducted!in!both!English!and!Malay!and!were!then!translated!into!
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English!during!transcription!of!voice!recordings.!Interviews!lasted!between!30!to!45!
minutes!and!all!interviews!were!voice!recorded!with!consent.!Six!of!the!interviewees!
requested!to!be!interviewed!in!pairs.!All!interviews!were!transcribed!in!English!after!
full!verbal!and!written!consent!was!obtained!from!all!participants.!
ii.! Data!analysis!
!
Data! analysis! was! conducted! using! NVivo! 10! software! (135).! The! analysis! of!
interview!data!was! guided! using! a! 4Ostep! technique! (131).! These! techniques!were!
based!on!approaches!adopted!in!grounded!theory!(136)!including!coding!(reviewing!
transcripts! and! giving! names! to! units! that! have! theoretical! significance)(137),!
theoretical!saturation!(continuous!coding!of!data!until!it!reaches!a!point!that!further!
reviewing! codes! does! not! produce! further! meaning)! and! constant! comparative!
technique! (a! process! such! as!memo!writing! that! enables! researcher! to! be! able! to!
always!connect!between!data!and!concepts/categories)(136).!!
!
Briefly,! the! application! of! Bryman’s! 4Ostep! technique! adopted! in! this! study! is! as!
follows:!
!
1. Open!coding!
!Interview!transcripts!were!read!in!full!to!verify!meaning!before!open!coding!
was!performed.!Themes!were!identified!and!cases!were!categorised.!
!
2. ReOreading!transcripts!
! Key!texts!were!highlighted!and!given!codes.!Each!code!was!annotated.!
!
3. Coding!text!
! Codes! were! systematically! reviewed! and! organised! into! themes.! Any!
duplication!of!codes!was!deleted.!!
!
4. Relating!general!theoretical!ideas!to!text!(thematic!analysis)!
! Interpretation!of!codes!were!added!using!‘memoing’!technique!(138)(process!
of!providing!a!narrative!to!codes).!Using!the!visualizations!feature!in!NVivo!10!
(135),!interconnections!between!themes!were!identified.!!
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Trustworthiness!of!interview!data!was!ensured!in!two!ways.!Firstly,!by!explaining!to!
key! informants! the! aims! of! the! study,! expectations! and! purpose! of! the! interview,!
and! clarifying! any! doubts! regarding! confidentiality! prior! to! initiating! interviews.!
During!interviews,!informants!were!given!the!opportunity!to!seek!clarification!on!any!
question! being! asked! and! similarly,! through! “probing! and! prompting”! techniques,!
interviewees!were!asked!to!clarify!any!ambiguous!statements!that!were!made.!Due!
to!time!constraints,!this!process!was!not!repeated!after!interviews!were!transcribed.!
Secondly,!triangulation!was!performed!by!comparing!interview!transcripts!with!what!
was! reported! in! documents! (e.g.!DR! grading!practices!were! compared!with!REPAS!
Grading! published! in! the! BNPPBD! O! Appendix! 8)! and! by! comparing! interview! data!
with!findings!observed!through!structured!observations.!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! !
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3. Results!
!
3.1! Response!rates!for!structured!and!semiOstructured!interviews.!
!
Sixteen!questionnaires!were!administered!to!understand!the!screening,!grading!and!
clinical! management! of! DR! in! the! BruneiOMuara! district.! These! were! delivered!
through! interviews! with! respondents! representing! the! different! health! facilities!
where!DR!screening!was!conducted! in! the!BruneiOMuara!district.!A!100%!response!
rate! was! attained! for! both! structured! interviews! (16! questionnaires)! and! semiO
structured! interviews! (20! interviews)! (Table! 3O1).! In! addition,! structured!
observations!at!all!seven!health!centres!were!also!conducted.!Figure!3O1!provides!an!
overview!of!the!results!of!the!studies!and!each!result!will!be!discussed!in!turn.!
Table!3(1!Number!of!study!respondents!and!questionnaires!administered!by!study!site!
Study!sites!
!
Number!of!
questionnaires!
Administered*!
Respondents!!
General!
Practitioners!
Ophthalmologists! Ophthalmic!
assistants!
Primary!health!centres!!
Bandar!Seri!
Begawan!Health!
Centre!
2! 1! 1! 1!
Berakas!A!Health!
Centre!
2! 1! 1! 1!
Berakas!B!Health!
Centre!
2! 1!
Gadong!Health!
Centre!
2! 1! 1! 1!
Muara!Health!
centre!
2! 1! 1! 1!
Sengkurong!
Health!Centre!
2! 1! 1! 1!
Sungai!Assam!
Health!Centre!
2! 1!
TERTIARY!HOSPITAL!
National!Eye!
Centre!
2! N/A! 2! N/A!
Total! 16! 7! 7! 5!
(*One! questionnaire! for! GPs! and! one! questionnaire! for! both! ophthalmologists! and! ophthalmic! assistants!
interviewed!together)! !
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Figure!3(1!Overview!of!results!by!study!objectives!and!study!gaps.!
!
! !
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3.2! Existing!screening,!grading!and!clinical!management!practices!and!the!
! organisation!of!the!diabetic!retinopathy!screening!!
!
In! general,! responses! from! the! structured! interview!questionnaires! and! structured!
observations!suggest!that!key!processes!were!in!place!(Figure!3O3)!for!the!provision!
of! DR! screening! and! treatment! at! the! primary! health! centres! and! NEC! in! BruneiO
Muara!district!which!can!be!classified!into!four!main!stages:!identification!of!DM,!GP!
to! DR! screening! referral,! DR! screening! (and! grading)! and! further! evaluation! and!
treatment!(Figure!3O2).!In!addition,!structured!observations!at!the!NEC!also!revealed!
that!DR!screening!was!also!conducted!twice!a!week!(Tuesday!and!Thursday)!at!the!
NEC.! However,! for! the! purposes! of! this! study,! the! mapping! of! processes! and!
resources!was!restricted!to!PHCs!only.!
!
These! processes! are! presented! as! flowcharts! (Figure! 3O4! –! 3O10)! to! depict! the!
process! flow! at! each! stage.! However,! respondents! (GPs)! also! highlighted! process!
gaps!and!variations!between!health!centres!and!these!will!be!discussed!in!turn.!
!
!
! !
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Figure!3(2!Processes!for!GP!referral,!DR!screening!and!treatment!referral!
!
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Figure!3(3!An!overview!of!the!diabetic!retinopathy!screening!and!treatment!pathway!in!Brunei(
Muara!district!
!
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3.2.1! Ascertainment!of!patients!with!diabetes!by!GPs!in!the!BruneiOMuara!district!!
!
Opportunistic!diabetic!screening!by!GPs!
!
Figure!3O4!provides!an!overview!of!how!diabetes!is!detected!and!managed!by!GPs!at!
the!primary!health! centres.! Findings! from!observations! at! PHCs! (139)! suggest! that!
the! key! strengths! of! this! stage! were! that! clinical! practice! guidelines! and! chronic!
disease!registers!are!in!use.!However,!as!the!process!of!identifying!patients!at!risk!of!
DM!was!dependent!on!patients!attending!general!GP!clinics!at!PHCs,!screening! for!
diabetes! mellitus! at! primary! health! centres! by! GPs! was! considered! opportunistic.!
Any!patient! attending!GP!outpatient! clinics! reporting!diabetic! symptoms! (e.g.! high!
blood! pressure)! and/or! patients! categorised! by! GPs! as! being! at! risk! (e.g.! with!
reported!family!history!of!diabetes)!during!initial!clinical!examination!were!asked!to!
undergo!biochemical!tests!(e.g.!blood!glucose,!cholesterol)!to!ascertain!their!diabetic!
status.!!
!
Clinical!practice!guidelines!for!diabetes!mellitus!
!
Observations! at! PHCS! suggest! that! diagnosis! of! DM! by! GPs! was! guided! by! a!
diagnostic! criteria! outlined! in! the! national! clinical! practice! guidelines! (139).! In!
general,!patients!with!fasting!blood!glucose!of!level!>!7.0!mmol/l!and!HbA1c!level!>!
6.5%!were!considered!as!diabetic.!Upon!diagnosis,!data!of!newly!diagnosed!patients!
with! diabetes!were! entered! into! a! logbook! known! by! GPs! as! the! Chronic! Disease!
Registers.!
!
Chronic!disease!registers!(CDRs)!
!
In!the!structured!interview!questionnaires,!all!GPs!(7/7)!reported!the!use!of!chronic!
disease!registers!at!each!health!centre.!This!finding!was!supported!by!evidence!from!
observations!made!during!visits!to!all!PHCs!that!showed!evidence!that!CDRs!were!in!
use!and!data!were!entered!by!PHC!staff.!However,!analysis!of!structured! interview!
questionnaires!responses!suggests!that!the!implementation!of!CDR!varied!across!the!
different!PHCs.!The!characteristics!of!the!CDRs!that!are!in!place!at!each!health!centre!
are!summarised!in!Table!3O2.!!!
!
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CDRs!implemented!at!different!times!and!lacked!SOPs!
!
Responses! of! GPs! in! the! structured! questionnaire! reported! that! CDRs! were!
introduced! at! each! PHC! at! different! times.! Sungai! Assam! health! centre! was! the!
earliest! health! centre! to! implement! the! CDR! (2002)! and! this! was! in! contrast! to!
Berakas! B,!which! only! started! in! 2012.!Most! GPs! (6! out! of! 7)! reported! that! there!
were!no!standard!operating!procedures!in!place!to!guide!GPs!and!staff!members!(at!
PHCs)! to! register! patients! into! the! CDRs! and! how! the! database! should! be!
maintained.!Staff!members!were!guided!by!informal!instructions!by!the!GP!in!charge!
at!each!PHC.!!!!!
!
CDRs!were!not!regularly!updated!despite!appointment!of!dedicated!personnel!!!
!
The!majority!of!GPs! (6!out!of!7)! reported!having!allocated!dedicated!personnel! to!
manage!the!CDRs!registers!at!each!PHC.!However,!only!2!out!of!7!GPs!(Bandar!Seri!
Begawan! and! Sg! Assam)! reported! that! they! regularly! updated! their! CDR! data.!
However,!respondents!could!not!provide!an!estimate!on!how!frequently!it!was!done.!!!!
!
CDRs!used!handwritten!logbooks!and!no!standardised!template!for!data!collection!!
!
The! chronic! disease! registers! were! used! by! GPs! to! register! patients! with! chronic!
diseases!(including!patients!with!diabetes)!attending!GP!clinics!at!each!PHC.!All!GPs!
reported! that! information! collected! for! CDRs!was! recorded!using! a! logbook.!Upon!
confirmation!of!diagnosis,!patient!information!data!(e.g.!name,!age,!gender,!patient!
identification!number!and!clinical!diagnosis)!were!recorded!manually!(handwritten)!
into!logbooks.!This!finding!was!also!supported!by!observations!made!at!PHCs!where!
recent! entries! were! entered! into! logbooks.! In! addition,! several! initiatives! were!
observed!at!some!health!centres!(Sengkurong,!Sungai!Assam!and!Berakas!A)!where!
information!from!logbooks!was!transferred!into!an!excel!spread!sheet.!However,!the!
extent!to!which!these!initiatives!were!implemented!was!very!limited.!
!
The! different! types! of! chronic! diseases! registered! include! asthma,! gout,! skin!
disorders,!diabetes!and!hypertension.!However,!it!was!observed!that!the!practice!of!
data!entry!into!logbooks!varied!from!one!GP!to!another!and!there!was!no!standard!
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template! in! use! to! collect! patient! information! and! clinical! diagnosis.! One!method!
was! for!GPs! to! inform!a! dedicated!person! to!make! an! entry! once! a! diagnosis! had!
been! made! and! in! other! cases,! the! medical! secretary! with! the! support! of! GPs,!
entered!data!by!reviewing!medical!records.!!
!
Under^registration!of!patients!into!CDRs!!
!
Another!variation!reported!by!GPs!was!the!lack!of!the!completeness!of!the!register.!
In! the! majority! of! cases! (6! out! of! 7! PHCs),! GPs! reported! underOregistration! of!
patients!with!diabetics! in!their!respective!CDRs.!Only!Berakas!A!reported!to!having!
registered!all!their!patients!with!diabetes!into!the!CDR.!
!
CDR!not!used!to!refer!patients!for!eye!screening!
!
All! GPs! unanimously! agreed! that! the! data! from! the! CDR! were! not! used! to! refer!
patients!with!diabetes!for!DR!screening.!!
!
The!DR!screening!in!BruneiOMuara!model!is!dependent!on!GP!referrals!(Figure!3O3).!
To! ensure! optimal! DR! screening! coverage! at! each! health! centre,! it! is! essential! to!
have! an! accurate! register! of! patients! with! diabetes! that! could! be! offered! DR!
screening.!No! specific! registers! for! patients!with! diabetes!were! kept! in! any! of! the!
PHCs!and!the!data!provided!by!the!CDR!offered!the!best!available!data!on!the!list!of!
patients! eligible! for! DR! screening.! The! variations! in! the! implementation! and!
maintenance! of! CDR!described! earlier! suggest! that! data! collected! in! existing! CDRs!
was!incomplete!and!inaccurate.!!
!
In! view!of! the!dependence! the!of!DR! screening!programme!on!GP! referrals,! these!
CDR!related!challenges!were!further!explored!through! inOdepth! interviews!and!this!
will!be!discussed!in!section!3.6.2.!
!
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Figure!3(4!Ascertainment!of!T2DM!at!PHCs!
!
!
!
!
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Table!3(2!Characteristics!of!Chronic!Disease!Registers!by!health!centre!
!
Bandar!
Seri!
Begawan!
Berakas!
A!
Berakas!
B! Gadong! Muara! Sengkurong! Sg!Asam!
Is!there!a!CDR!
register?! Y! Y! Y! Y! Y! Y! Y!
Format!of!
register?!! BOOK! BOOK! BOOK! BOOK! BOOK! BOOK! BOOK!
Is!there!a!
dedicated!
person!
maintaining!
CDR?!
Y! Y! Y! N! Y! Y! Y!
When!was!
CDR!started?!
NOT!
SURE! 2005! 2012! 2007! 2009! NOT!SURE! 2002!
Is!there!a!
protocol!in!
use!for!CDR?!
N! N! N! N! N! N! Y!
Is!the!register!
complete?! N! Y! N! N! N! N! N!
Is!it!regularly!
updated?! Y! N! N! N! N! N! Y!
CDR!used!for!
referring!to!
DRS?!
N! N! N! N! N! N! N!!
!
Summary!of!ascertainment!of!patient!with!diabetes!at!PHCs!
!
O!! DM!screening!by!GPs!currently!only!opportunistic!
O!! National!Clinical!Practice!Guidelines!were!used!to!guide!GPs!to!diagnose!and!
manage!DMs!at!PHCs!
O!! CDR!are!implemented!at!each!health!centre!
O! Lack! of! standardised! protocol! to! support! implementation! of! CDRs! for! PHC!
staff!and!variations! in! the!way!patients!were! registered! into!CDRs!and!how!
CDR! data! was! managed! have! contributed! to! CDRs! being! incomplete! and!
inaccurate.!!!!
O!! CDRs!were!not!used!as!data!source!to!refer!patients!for!DR!screening!by!GPs.!
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3.2.2! Key!processes!in!GP!to!DR!screening!referrals!at!other!primary!health!centres!
!
Responses! from! the! structured! interview! questionnaires! and! observations! suggest!
that! there! were! processes! in! place! for! GPs! to! refer! patients! with! diabetes! to! DR!
screening.! All! GPs! reported! having! referred! their! patients! for! DR! screening! at! the!
same!health!centre.!However,! there!were!variations! in!GP!to!DR!screening!referral!
process! observed! across! the! different! health! centres! and! these! variations! are!
summarised!in!Table!3O3.!!
!
GP!to!DR!screening!referral!appointment!system!!
!
Most!GPs!(5!out!of!7)!reported!in!the!questionnaire!that!there!was!a!system!in!place!
for!them!to!book!referral!appointments!for!patients!with!DR!screening!clinics!at!each!
PHC.!Only,! BSB! and!Gadong! PHC! reported! that! there!was! no! appointment! system!
established.!!
The! GP! to! DR! screening! referral! appointment! system! is! outlined! in! Figure! 3O5.!
Findings!from!structured!observations!at!the!different!health!centres!suggest!that!a!
three! step!appointment!booking! system! (identify,! inform!and! record)!was!used!by!
GPs! to! refer! patients! with! diabetes! (newly! diagnosed! and! existing! patients! with!
diabetes)! for! DR! eye! screening! at! the! different! PHCs.! However,! there! was! slight!
variation! observed! for! GP! referral! process! at! BSB! PHC.! In! addition! to! the!
appointment!system,!subject!to!availability!of!the!screening!session,!GPs!may!refer!
patients! as! “walkOins”! without! the! need! to! book! an! appointment! with! the! DRS!
screening.!!
!
Lack!of!GP!to!DR!screening!referral!guidelines!
!!
GP! responses! varied! in! terms! of! the! use! of! guidelines! to! refer! patients! for! DR!
screening.!Only!3!out!of!7!GPs!(BSB,!Berakas!A!and!Sg!Asam)!reported!having!used!
guidelines! to! refer! patients! to! DR! screening.! However,! none! of! the! GPs! at! these!
health! centres! were! able! to! provide! a! copy! of! such! guidelines,! therefore,! it! was!
difficult! to!confirm!whether! the! referral!guidelines!were! in!use.! In!addition,!GPs! in!
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the!other!health!centres!(Berakas!B,!Gadong,!Muara!and!Sengkurong)!reported!that!
there!were!not!aware!of!such!guidelines.!!!
!
The!lack!of!use!of!GP!to!DR!screening!referral!forms!!
Based! on! the! responses! to! the! structured! questionnaire,! only! one!GP! (Muara!HC)!
reported!using!referral!forms!to!refer!patients!to!DR!screening.!Most!GPs!(6!out!of!7!
PHCS),!reported!making!written!referrals!using!patient!case!notes!that!were!shared!
amongst! different! providers! within! the! same! health! centre.! This! finding! was!
supported! by! evidence! from! structured! observations! where! GP! written! referrals!
were!noted!when!several!patient!case!notes!were!reviewed.!!!
!
GP!to!DR!screening!appointment!cards!used!as!patient!reminders!
Based! on! structured! questionnaire! responses,! all! GPs! (7/7)! reported! providing!
patients!with!a!reminder!card!showing!the!scheduled!date!and!time!of!the!screening!
session.!This!was!confirmed!by!findings!of!structured!observations!where!PHC!nurses!
were! observed! giving! out! screening! appointment! cards! to! patients,! once! the!
appointment!date!and! time!had!been!agreed!with! the!patient.!However,!no!other!
forms!of!patient!reminders!(e.g.!telephone!reminders)!were!reported!to!be!in!use!at!
any!of!the!PHCs.!
!
Waiting!lists!for!DR!screening!appointments!
The!structured!questionnaire!responses!show!that!most!respondents!(5!out!of!7)!did!
not!report!any!waiting!lists!for!referring!patients!to!DR!screening.!However,!2!out!of!
7!GPs!(Gadong!and!BSB!Health!centre)!reported!waiting!lists!for!patients!referred!for!
DR!screening.!In!addition,!waiting!lists!at!Gadong!PHC!were!reported!to!be!as!long!as!
11!months!and!were!only!one!month!at!Berakas!A.!!
!
However,!it!was!difficult!to!confirm!these!findings!at!Berakas!A!and!at!Gadong!PHC.!
At!both!Berakas!A!and!Gadong!health!centre,!the!GP!to!DR!screening!appointment!
book!was! reported!missing! by! the!GP! in! charge! during! the! data! collection! period.!
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Therefore,!it!was!difficult!to!verify!the!evidence!of!the!waiting!list!without!any!data!
source.!
!
Lack!of!screening!attendance!feedback!by!DR!screening!team!
!
Responses!from!structured!questionnaire!showed!that!only!3!out!of!7!GPs!received!
feedback! from! the! DR! screening! team! on! patients’! attendance! in! DR! screening!
sessions.!The!other!GPs!(4/7)!reported!that!they!did!not!receive!any!feedback.!This!
finding!was!supported!by!structured!observations!where!the!GPs!at!the!three!health!
centres! (Berakas!B,!Sengkurong!and!Sg!Asam)!reported!that! feedback!was!given!to!
them! indirectly! by! reviewing! patient! case! notes! that! was! shared! by! the! different!
users! in! the! same! PHCs.! However,! it! was! also! observed! that! due! to! the! issue! of!
missing!case!notes!at!certain!health!centres,!this!practice!was!not!always!possible.!!
!
!
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Figure!3(5!GP!to!DR!Eye!screening!referral!process!in!the!different!health!centres!
! !
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Table!3(3!Key!GP!to!diabetic!eye!screening!referral!process!at!different!primary!health!centres!!
!
Bandar!
Seri!
Begawan!
Berakas!
A!
!
Berakas!B!
!
Gadong! Muara! Sengkurong!!
Sg!Asam!
!
Are!all!patients!
with!diabetes!
referred!for!DR!
eye!screening?!
Y! Y! Y! Y! Y! Y! Y!
Are!patients!
referred!for!DR!
screening!at!
this!health!
centre!ONLY?!!
Y! Y! Y! Y! Y! Y! Y!
Feedback!given!
on!screening!
attendance?!
N! N! Y! N! N! Y! Y!
Is!there!waiting!
list!for!DR!
screening!
appointment?!
(Duration)!
N/A*!
Y!
(1!
MONTH)!
N!
Y!
(11!
months)!
N! N! N!
Are!guidelines!
in!use!to!refer!
patients!to!DR!
eye!screening?!
Y! Y! N! N! N! N! Y!
Is!referral!form!
in!use?! N! N! N! N! Y! N! N!
Is!there!
appointment!
system!in!place!
for!DR!
screening?!
N! Y! Y! N! Y! Y! Y!
Are!
appointment!
cards!given!to!
patients?!
Y! Y! Y! Y! Y! Y! Y!
Are!patients!
sent!reminders!
to!attend!DR!
screening?!
N! N! N! N! N! N! N!
*N/A!–!Not!applicable;!Y!–!Yes,!N!–!No.!
!
!
!
!
!
! !
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Summary!of!GP!to!DR!screening!referrals!!
!
• Key! processes! were! in! place! for! GPs! to! refer! patients! with! diabetes! for! eye!
screening!
• Variations! in!GP!to!DR!screening!referral!processes! including!direct!referrals! (at!
BSB),!use!of!guidelines,!referral!forms,!lack!of!feedback!on!screening!attendance,!
only!2!health!centres!reported!waiting!lists!
• Data!collected!affected!by!lack!of!data!sources!(missing!appointment!books).!
!
!
! !
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3.2.3! DR!screening!and!grading!stage!
!
Findings! from! the! structured! interview!questionnaires!and! structured!observations!
at!the!seven!health!centres!suggest!that!standardised!resources!and!processes!in!the!
DR! screening! and! grading! stage!were! adopted! at! each! health! centre! (Figure! 3O6);!
that!includes!three!key!processes,!registration,!eye!examination!and!grading.!
!
I.! Registration!process!
!
The! registration! process! represents! one! of! the! key! strengths! of! the! programme.!
Based! on! the! structured! interview! responses! and! observations,! all! respondents!
reported! the! same! standard! process! for! registering! patients! in! use! at! all! health!
centres!(Figure!3O7).!All!patients!were!required!to!pay!either!B$1!(£0.51)!registration!
fee!for!local!residents!or!B$5!(£2.54)!for!permanent!residents!and!all!payments!were!
collected!by!a!registration!clerk!(Table!3O4).!!
!
II.! Eye!examination!process!
!
A! key! strength!of! the! programme! is! the! use! of! standard! resources! to! provide! eye!
examinations! at! all! health! centres.! Results! obtained! from! the! structured! interview!
questionnaires!showed!that!all!respondents!reported!that!a!team!of!ophthalmologist!
and!ophthalmic!nurse/assistants!conducted!DR!screening!at!each!clinic.!In!addition,!
all! patients! underwent! dilated! funduscopy! using! slit! lamp! bioOmicroscopy! and! eye!
examinations!were!conducted!by!ophthalmologists!(Table!3O5).!Furthermore,!it!was!
observed!that!all!eye!examination!rooms!at!PHCs!were!equipped!with!visual!acuity!
charts,!slitOlamp!bioOmicroscopy!and!a!direct!ophthalmoscope.!!
!
Another!key!strength!of!the!programme!was!the!use!of!standardised!processes!for!
eye! examination! at! all! health! centres! that! involved! three! main! activities:! history!
taking,!instilling!dilating!drops!and!fundus!examination!(Figure!3O8).!Responses!from!
structured! interview! questionnaires,! supported! by! findings! from! structured!
observations,! showed! that! all! respondents! reported! a! similar! eye! examination!
process!adopted!at!all!health!centres!(Table!3O5).!!!
!
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In!addition,!all!respondents!stated!having!used!the!Diabetic!Eye!Registry!forms!(DER!
1!and!2)!as!a!standard!guide!for!case!history!taking!and!recording!of!eye!examination!
clinical!findings.!Table!3O6!shows!the!patient!and!clinical!information!gathered!in!the!
DER! 1! and! DER! 2! forms! (Appendix! 16).! However,! structured! observations! at! the!
health!centres!revealed!that!recording!of!results!in!DER!1!and!2!forms!by!ophthalmic!
assistants!were!occasionally!incomplete.!!
!
III.! DR!grading!process!
!
The! DR! grading! process! was! considered! another! strength! of! the! DR! screening!
programme.!Based!on!the! findings!of!both!the!structured! interview!questionnaires!
and!observations,!all! respondents!reported!that!a!similar!grading!processes! (Figure!
3O9)!and!a!standard!DR!grading!system!were!adopted!at!all!health!centres.!
!
The!REPAS!DR!grading!system,!developed!by!the!Ministry!of!Health(122),!integrates!
five! different!DR! screening! and! treatment!measures! for! a! patient! into! a! single!DR!
grading!scheme!that!includes:!
!
• DR!grading!!
• Macular!oedema!grading!
• Photocoagulation!(Yes/No)!
• AntiOVEGF!(Yes/No)!
• Surgery!(Yes/No)!
!
The! International! Clinical! Diabetic! Retinopathy! and! Macular! Oedema! Disease!
Severity! Scale! (34)! have! been! adopted! by! the! Ministry! of! Health! as! a! reference!
standard! to! grade!DR! and!MO! in! the!REPAS!Grading! System!and! are! presented! in!
Appendix!14.!!
!
Based!on! structured!observations!during! site! visits! to! various!PHCs,! it!was!evident!
that!ophthalmologists!used! the!REPAS!grading!system!as!a!guide! to!decide! further!
management! of! screened!patients.! Figure! 3O9! outlines! the! key! activities! in! the!DR!
grading!process,!and!based!on!their!DR!status,!screened!patients!were!either!given:!
!
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1.! Follow! up! screening! appointments! at! the! same! health! centre! within! 6! –! 9!
! months!(NSTDR!cases)!!
2.! Urgent!referrals!for!immediate!treatment!to!NEC!(urgent!STDR!cases)!
3.! Follow! up! appointment! for! further! ophthalmic! evaluation! within! 2! –! 4!
! months!(nonOurgent!STDR!cases).!!
!
Standardised!processes!in!DR!screening!and!grading!stage!provide!the!DR!screening!
programme! with! a! good! platform! towards! achieving! a! systematic! screening!
programme.!However,! several! key!process!gaps!and!variations!were!also!observed!
that!may! affect! the! effectiveness! of! the! screening! programme.! These!will! now! be!
discussed!in!turn.!!
!
Lack!of!monitoring!of!screening!outcomes!
!
Findings! from! structured! interview! questionnaires! showed! that! all! respondents!
reported!that!there!were!no!measures!in!place!to!verify!screening!outcomes.!In!the!
existing! process,! for! each! screening! session,! DR! screening! and! grading! were!
performed!by!the!same!ophthalmologist.!However,!a!different!ophthalmologist!may!
attend!to!the!same!patient!at!subsequent!sessions.!There!were!no!initiatives!in!place!
to!assess!the!consistency!of!grading!(interOobserver!variations).!!
!
Similarly,!there!was!an!observed!gap!for!patients!referred!for!further!evaluation!and!
treatment!to!NEC.!In!the!existing!system,!it!was!difficult!to!determine!true!referrals!
(false!positives)!of!screening!at!PHCs!as!there!are!no!initiatives!to!monitor!referrals!
made!to!the!NEC.!Referring!ophthalmologists!often!referred!patients!to!VR!surgeons!
verbally!and!outcomes!of!eye!examinations!at!the!NEC!were!not!monitored.!!
!
Lack!of!feedback!to!GPs!on!screening!outcomes!
!
Another!gap!observed!in!the!DR!grading!process!was!that!GPs!were!not!informed!of!
results!of!screening!examinations.!Only!4/7!respondents!reported!to!have!provided!
GPs! with! feedback! on! the! results! of! DR! eye! screening! examination,! all! of! which!
stated! that! feedback! was! given! to! GPs! indirectly! through! what! was! written! in!
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patients’! case! notes,! which! were! accessible! to! both! GPs! and! ophthalmologists! at!
each!PHCs.!!
!
Screening!intervals!and!patient!reminders!for!NSTDR!patients!
!
The! screening! intervals! for! follow! up! screening! appointments! for! NSTDR! patients!
were! clearly! outlined! in! the! REPAS! grading! system! (Table! 3O10)! and! these!
recommendations!were! observed! during! site! visits.! Patients!with! no!DR! or!NSTDR!
were!offered!follow!up!appointments!at!the!health!centre!within!a!period!of!9!–!12!
months.!Appointment!cards!were!given! to!all!patients.!However,!no!call!and! recall!
system!was!in!place!in!any!of!the!health!centres!to!remind!patients!of!their!follow!up!
appointments.!
!
Ambiguous!processes!and!recommendations!in!REPAS!grading!system!
!
The! process! of! referring! STDR! patients! (urgent! and! nonOurgent)! was! not! clearly!
defined! in! the!REPAS!grading! system.! It!was!observed! that!ophthalmologists!often!
relied!on!their!own!clinical! judgements!to!decide!whether!a!case!was!urgent!when!
making! referrals! to! the! NEC.! Referrals!were! dealt! with! on! a! caseOtoOcase! basis! by!
screening! ophthalmologists! based! on! teleOconsultation! with! the! VR! surgeon.! In!
addition,!there!were!not!any!clear!time!frames!set!for!urgent!referrals!to!the!NEC.!!
!
Another! observed! gap!was! ambiguous! recommendations! in! REPAS! grading! system!
(Table!3O10).!For!example,!in!the!management!of!severe!NPDR,!with!no!CSME,!panO
retinal! photocoagulation! was! only! recommended! “sometimes”! without! further!
details! such! as! frequency! of! laser! sessions.! The! recommendations! provided! were!
extracted!from!the!American!Academy!Ophthalmology!Practice!Guidelines!(140).! In!
addition,! respondents!also! reported! that!no! formal! training!was! conducted!on! the!
implementation!of!the!REPAS!DR!Grading!system.!
!
Shared!infrastructure!at!some!health!centres!!
!
Some!respondents! (2/7)!reported!minor!differences! in!the!availability!of! rooms!for!
screening.!Whilst!most!health!centres!have!dedicated! rooms! for!DR!screening,! the!
rooms!used!for!DR!screening!at!Berakas!A!and!Sengkurong!were!shared!with!other!
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services! (e.g.! community! dieticians! and! psychologists).! In! addition,! it! was! also!
observed! that! there! were!minor! differences! in! terms! of! accessibility! to! screening!
rooms!between!health!centres.!In!Berakas!A,!the!DR!screening!room!was!located!on!
the!2nd!floor!of!the!health!centre.!Access!to!the!screening!rooms!was!by!stairs!only,!
therefore!making! it! potentially! difficult! for! elderly! patients! and!wheelchair! bound!
patients!to!access!services.!Similarly,! in!Berakas!B,!the!screening!room!was! located!
on!the!1st!floor,!accessible!only!by!stairs.!
!
Variations! in! the! frequency!of! screening! sessions!and!projected!number!of!patients!
screened!per!session!
!
The! frequency! of! DR! screening! services! conducted! at! the! different! health! centres!
and! NEC! was! found! to! differ! across! the! health! centres! (Table! 3O8).! Based! on! the!
structured! interview! questionnaire! responses,! Bandar! Seri! Begawan! health! centre!
offered! the!most!DR! screening! sessions! in! a!week! (4! sessions).! In! contrast,! Sungai!
Assam! health! centre! provided! only! one! screening! session! per! week.! In! addition,!
respondents! reported! that! each! screening! session! could! accommodate! up! to! 15!
patients!per!session.!!
!
As!a!result!of!the!variation!in!screening!frequency,!the!projected!number!of!patients!
also!varied!(Table!3O9).!Bandar!Seri!Begawan!(BSB)!health!centre,!which!served!as!a!
satellite!primary!eye!care!centre!to!the!NEC,!can!accommodate!up!to!60!patients!in!a!
week.!In!contrast,!Sg!Assam!health!centre!can!only!accommodate!up!to!15!patients!
per!week.!
!
!
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Figure!3(6!The!DR!screening!and!grading!pathway!at!PHCs!in!Brunei(Muara!district!
! !
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Figure!3(7!Activities!as!part!of!registration!process!
!
!
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Figure!3(8!Activities!in!the!DR!examination!process!
!
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Figure!3(9!Activities!in!the!DR!grading!process!
!
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Table!3(4!Key!features!of!the!registration!process!for!DR!screening!in!all!PHCs!
! All!Primary!health!Centres!
Payments!for!screening?! Yes!
How!much?! $1!for!local!residents!$5!for!permanent!residents!
Who!is!responsible!for!collecting!payments?! Registration!clerk!!
!
Table!3(5!Key!features!in!the!clinical!eye!examination!process!conducted!at!all!PHCs!
! All!primary!health!centres!
Case!history!taken?! Yes!!
Visual!acuity!test!conducted?! Yes!
Are!patients!dilated?!! Yes!
Equipment!used!for!fundus!examination?*! Slit!lamp!bioOmicroscopy!(with!78D!lens)!
Standard!form!to!record!findings! Yes!(DER!1!and!DER!2!forms**)!
Standard!form!to!record!patients!attendance! Yes!(Statistics!form**)!
*Ophthalmoscopy!is!used!when!fundus!is!not!observable!on!slit!lamp!or!for!patients!in!wheelchairs;!**!See!
Appendix!1)!
Table!3(6!Key!information!gathered!using!DER!forms!1!and!2.!
List!of!information! DER!1! DER!2!
Case!History!(Completed!by!Ophthalmic!Assistant)!
Name! /!
Unique!National!Identification!
Card!Number!
/!
Address!(Town,!district)! /!
Date!of!Birth! /!
Gender! /!
Ethnic!group! /!
Diabetes!Type! /!
Diabetes!Duration! /!
Diabetes!Treatment! /!
Systemic!coOmorbidity! /!
Risk!factors!(Smoking,!
Pregnancy)!
/!
Ocular!Morbidity! /!
Previous!Eye!Examination!(Y/N)! /!
Ocular!findings!and!management!(To!be!completed!by!Ophthalmologist)!
UniOocular!Visual!Acuity!
(Presenting!and!corrected)!
/! /!
IntroOocular!pressure!(if!
necessary)!
/! /!
Fundus!examination!(REPAS! /! /!
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Grading)!
Plan!(e.g.!routine!follow!
up/refer!for!either!evaluation!
or!treatment)!
/! /!
!
Table!3(7!Allocation!of!resources!for!DR!screening!at!the!different!health!centres!
Health!Centre! Room! Staff! Equipment! Consumables! Stationaries!
Bandar!Seri!
Begawan!! Y!
One!!!
Ophthalmologist!
and!one!
Ophthalmic!
Nurse/Assistant!
per!session!per!
health!centre!
!
1x!Visual!acuity!
chart!
!
1x!Slit!lamp!bioO
microscopy!!
(With!78D!lens)!
!
1x!Direct!
Ophthalmoscope!
!
1x!Indirect!
Ophthalmoscope**!
(With!superOfield!
lens)!!
!
!
Mydriacyl!
(1%!
Tropicamide)!
15ml!bottle!
!
Cotton!
Gauze!
!
1.!PreO
printed!DER!
Forms!1!and!
2!
!
2.!PreO
printed!
Medical!
Record!
paper!
!
3.!PreO
printed!
Appointment!
cards!
!
4.!Pens!
!
5.!Rubber!
stamps!
!
6.!Staplers!
Berakas!A!! N!
Berakas!B!! Y*!
Gadong!! Y!
Muara!HC!! Y!
Sengkurong!! N!
Sg.!Assam!! Y!
National!Eye!
Centre!
Y!
*!Screening!rooms!are!located!on!1st!floor!and!2nd!floor!respectively!without!lift!facilities!!
**!Available!at!Gadong!health!centre!and!NEC!only!
!
Table!3(8!Existing!DR!screening!sessions!at!PHCs!and!NEC!
! Monday! Tuesday! Wednesday! Thursday! Saturday! Total!
sessions!
Bandar!Seri!Begawan!!
Health!Centre! 8O10!am! 8O10!am! 8O10!am! 8O10!am! N! 4!
Berakas!A!Health!Centre! 8O10!am! N! N! 8O10!am! N! 2!
Berakas!B!Health!Centre! 8O10!am! N! 8O10!am! N! 8O10!am! 3!
Gadong!Health!Centre! N! 8O10!am! 8O10!am! N! 8O10!am! 3!
Muara!HC!Health!Centre!! N! 8O10!am! N! 8O10!am! N! 2!
Pengkalan!Batu! N! N! N! 8O10!am! N! 1!
Sengkurong!Health!Centre! N! 8O10!am! 8O10!am! N! 8O10!am! 3!
Sg!Assam!Health!Centre! 8O10!am! N! N! N! N! 1!
National!Eye!Centre! N! All!day! N! All!day! N! 2!
N^!No!clinic!
!
!
!
!
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!
!
Table!3(9!Projected!number!of!patients!with!diabetes!screened!in!Brunei(Muara!per!week!
! Monday! Tuesday! Wednesday! Thursday! Saturday! Total!
Bandar!Seri!
Begawan!
Health!Centre!
15! 15! 15! 15! N! 60!
Berakas!A!
Health!Centre! 15! N! N! 15! N! 30!
Berakas!B!
Health!Centre! 15! N! 15! N! 15! 45!
Gadong!Health!
Centre! N! 15! 15! N! 15! 45!
Muara!HC!
Health!Centre! N! 15! N! 15! N! 30!
Pengkalan!Batu! N! N! N! 15! N! 15!
Sengkurong!
Health!Centre! N! 15! 15! N! 15! 45!
Sg!Assam!Health!
Centre! 15! N! N! N! N! 15!
National!Eye!
Centre! N! 40! N! 40! N! 80!
Total! 365!!
N!–!No!clinic!
Table!3(10!Management!recommendations!for!patients!with!diabetes!based!on!the!REPAS!DR!
grading!system!
Severity!of!Retinopathy! Presence!
of!CSME!
Follow^
up!
(months)!
Pan^retinal!
Photocoagulation!
Fluorescein!
Angiography!
Focal!
and/or!
Grid!
laser!
Normal!or!minimum!NPDR! No! 12! No! No! No!
Mild!to!moderate!NPDR! No!
Yes!
6!–!12!
2!–!4!
No!
No!
No!
Usually!
No!
Usually!
Severe!NPDR! No!
Yes!
2!–!4!
2!–!4!
Sometimes!
Sometimes!
Rarely!
Usually!
No!
Usually!
Non!highOrisk!PDR! No!
Yes!
2!–!4!
2!–!4!
Sometimes!
Sometimes!
Rarely!
Usually!
No!
Usually!
High!Risk!PDR! No!
Yes!
2!–!4!
2!–!4!
Usually!
Usually!
Rarely!
Usually!
No!
Usually!
Inactive/!
Involuted!PDR!
No!
Yes!
6!–!12!
2!–!4!
No!
No!
No!
Usually!
Usually!
Usually!
Extracted!from!the!Brunei!National!Program!for!the!Prevention!of!Diabetic!Blindness!
Guidelines!!
! !
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Summary!of!DR!screening!and!grading!pathway!
!
• Standard! processes! in! place! for! eye! examination! and! referral! of! screened!
patients,! supported! by! standard! data! recording! forms! used! to! record!
screening!outcome!!
• Similar! resources! (infrastructure,! equipment! and! human! resources)! were!
allocated!for!DR!screening!at!all!health!centres!
• Lack! of! quality! assurance! measures! such! as! assessing! interOobserver!
agreement!and!positive!predictive!value!
• REPAS!DR!grading!system!lacked!clarity!and!needs!SOPs!!
• Variation!in!frequency!of!screening!sessions!
! !
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3.2.4! Diabetic!retinopathy!treatment!stage!
!
Findings!from!the!structured!interview!questionnaires!and!observations!suggest!that!
key!processes!are!in!place!for!further!evaluation!and!treatment!of!STDR!patients!at!
the!NEC! (Figure!3O10).!However,! the! findings! throughout! this! stage!were!primarily!
based! on! structured! interview! responses.! Through! structured! observations! at! the!
NEC,! it! was! reported! that! the! availability! of! data! sources! needed! to! evaluate! DR!
treatment!was!limited!either!due!to!poor!data!recording!or!data!was!not!collected!at!
all.! In!addition,!the!data!collection!period!coincided!with!the! implementation!of!an!
electronic! patient! record! system! (BruOHIMs),! which! made! access! to! patient! case!
notes!very!limited.!With!the!best!available!data,!key!findings!were!analysed!and!will!
be!discussed!in!turn.!
!
Allocation!of!resources!for!DR!treatment!services!!
!
Based! on! structured! interview! questionnaire! responses,! the! different! resources!
(infrastructure,!manpower! and! equipment)! allocated! to! deliver! DR! evaluation! and!
treatment!session!were!identified!and!this!has!been!summarised!in!Table!3O7.!!
!
In! terms! of! manpower,! laser! photocoagulation! treatment! was! provided! by! four!
ophthalmologists! supported! by! an! ophthalmic! nurse! (Table! 3O7).! This! finding! was!
confirmed! through! structured! observations! where! it! was! noted! that! laser!
photocoagulation! treatment! at! the! NEC! was! performed! primarily! by! two! vitreoO
retinal! surgeons! supported! by! two! ophthalmologists.! A! fullOtime! ophthalmic! nurse!
was! attached! to! one! of! the! vitroOretinal! surgeons! (VR1)! to! provide! clinical! and!
administrative!support.!However,! there!were!no!guidelines! identified!on!how! laser!
workload!was!split!amongst!the!four!ophthalmologists.!!
!
In! terms! of! infrastructure! and! equipment,! both! respondents! reported! that! all!
ophthalmologists! were! provided! with! a! slitOlamp! bioOmicroscopy,! standard!
consumables!and!stationary!to!provide!treatment.! It!was!observed!that!VR!1!and!2!
were!given!dedicated!examination!rooms!fitted!with!a!slitOlamp!bioOmicroscopy!with!
laser!treatment!facility!and!indirect!ophthalmoscopes.!In!addition,!3!different!lasers!
were! in! operation! at! the! NEC! and! VR! surgeons! had! full! access! to! other! retinal!
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diagnostic!imaging!services!at!the!NEC,!including!fundus!fluorescein!angiography!and!
optical!coherence!tomography.!!
!
In!this!study,!it!was!difficult!to!elicit!whether!the!resources!allocated!were!sufficient!
to! meet! the! demands! of! STDR! patients! requiring! treatment.! Although! results! of!
structured! interview!questionnaires! showed! that! respondents! reported! no!waiting!
lists! for! DR! treatment,! it! was! difficult! to! verify! these! findings! due! to! poor! data!
recording!at! the!VR!clinics.!Structured!observations!at! the!NEC!revealed!that! there!
were!no!data!collected!for!STDR!patients!referred!from!PHCs.!In!addition,!access!to!
patients’! records! was! restricted! during! the! data! collection! period! due! to! the!
implementation!of!an!electronic!patient!information!system!(BruOHIMs)!and!all!laser!
sessions!were!recorded!in!a!general!retina!clinic!logbook.!!
!
Frequent!evaluation!and!treatment!sessions!!
!
Based! on! the! findings! of! structured! interview! questionnaires! and! observations,! it!
was! observed! that! frequent! sessions! were! allocated! for! STDR! patients! requiring!
evaluation!and!laser!treatment.!Both!respondents!reported!that!the!evaluation!and!
treatment!sessions!were!available!throughout!the!working!week!except!for!Mondays!
(Table! 3O12).! This! finding! was! supported! by! observations! at! the! NEC! and! by!
reviewing! the!NEC!clinic! rosters.!However,! it!was!also!observed! that! there!was!no!
SOP!or!established!protocol! in!use! for! referring!of!STDR!patients! to!NEC.!Referring!
ophthalmologists! at! PHCs!made! referrals! to!NEC! through! direct! phone! calls! to! VR!
surgeons!at!NEC.!!
!
Standard!protocol!for!DR!laser!treatment!and!good!treatment!uptake!reported!!!
!
The!mode!of! treatment! (number! and!duration!of! laser! sessions)! reported!by! both!
vitreoOretinal! surgeons!on! the!management!of!STDR!cases!was! found! to!be! similar!
(Table! 3O14).! This! finding!was! based! on! individual! responses! provided! by! each! VR!
surgeon! through! the! structured! interview! questionnaire.! Questionnaires! were! not!
administered!to!the!other!two!ophthalmologists!as!any!laser!procedures!undertaken!
were! determined! by! each!VR! surgeon! and! any! procedures!were! performed! under!
close!supervision!of!the!VR!surgeons.!!
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!
Good! treatment!uptake!were! also! reported!by! respondents! (two!VR! surgeons! and!
ophthalmic! nurse).! Based! on! structured! interview! questionnaire! responses,! both!
respondents!reported!that!majority!of!STDR!patients!offered!laser!photocoagulation!
do!undergo!the!recommended!treatments.!Evidence!from!structured!observations!at!
the! NEC! highlights! that! the! NEC! as! the! only! referral! centre! for! DR! treatment! in!
Brunei.!It!was!observed!that!in!addition!to!referrals!from!the!screening!programme,!
STDR! cases! were! also! referred! from! the! other! three! district! hospitals! in! Brunei.!
However,! it! was! difficult! to! establish! the! frequency! of! referrals! as! these! were!
informal!and!data!on!referrals!were!not!kept.!These!findings!will!be!compared!with!
laser!treatment!uptake!estimated!in!this!study,!described!in!later!(section!3.3.3).!!
!
Lack!of!integration!between!Bru^HIMs!and!DR!registry!
!!
During!the!study!period,!an!electronic!patient!management!system!(BruOHIMs)!was!
initiated.! However,! at! the! time! of! the! study,! it! was! observed! that! information!
recorded! in! the!DR! registry!was! not! linked! to! the! BruOHIMS! system! and! therefore!
patient!data!had!to!be!entered!twice!by!the!ophthalmologist.!In!addition,!it!was!also!
observed!that!BruOHIMs!system!implemented!at! the!NEC!was!not!yet! linked!to!the!
BruOHIMs!system!at!PHCs!and!therefore,!the!DR!screening!programme!staff!did!not!
have!access!to!any!of!the!electronic!records!kept!at!the!NEC.!!
!
!
!
!
!
!
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Figure!3(10!Flowchart!showing!processes!to!confirm!screening!results!and!treatment!for!STDR!cases!
referred!to!NEC!
!
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Table!3(11!Allocated!resources!for!DR!treatment!at!NEC!
Health!
Facility!
Room! Staff! Equipment! Consumables!
National!Eye!
Centre!
Yes!(3!
rooms)!
Two!VR!
surgeons,!!!
Two!
Ophthalmologist!
and!one!
Ophthalmic!
Nurse!
!
1. 2x!Visual!acuity!
chart!(shared)!
2. 4x!Slit!lamp!bioO
microscopy!(with!
78D!lens)!
3. 2x!Indirect!
Ophthalmoscope!!
4. 1x!Optical!
Coherence!
Tomography!
5. 1x!Fundus!
Fluorescein!
Angiography!
system!
6. 2x!Argon!laser!
7. 1x!Diode!laser!
!
Mydriacyl!
(1%!
Tropicamid
e)!15ml!
bottle!
Tetracaine!
(Minims)!
Solcoseryrl!
EyeOgel!!
!
Cotton!
Gauze!
!
1.!PreOprinted!
DER!Forms!1!
and!2!
!
2.!PreOprinted!
Medical!Record!
paper!
!
3.!PreOprinted!
Appointment!
cards!
!
4.!Pens!
!
5.!Rubber!
stamps!
!
!
Table!3(12!Evaluation!sessions!for!STDR!cases!at!NEC!(by!VR!surgeon)!
! Monday! Tuesda
y!
Wednesda
y!
Thursday! Saturday!
VR!surgeon!1! No!clinic! All!day! All!day! All!day!
VR!surgeon!2! No!clinic! All!day! All!day! All!day!
!
Table!3(13!Laser!photocoagulation!treatment!sessions!for!STDR!cases!at!NEC!(by!VR!surgeon)!
! Monday! Tuesday! Wednesday! Thursday! Saturday!
VR!surgeon!1! No!clinic! All!day! All!day! All!day! All!day!
VR!surgeon!2! No!clinic! No!clinic! No!clinic! No!clinic! PM!only!
!
Table!3(14!Laser!treatment!modalities!by!DR!type!
! Number!of!sessions! Duration!(in!
minutes)/session!
PDR! 3O4! 15!
SEVERE!PDR! 3O5! 15!
MO! 3O5! 15!
!
!
!
!
!
!
!
!
!
!
! 133!
Summary!of!DR!evaluation!and!treatment!stage!
!!!!!
• Key!processes!in!place!for!DR!treatment!
• Key!strengths!included!a!wellOresourced!DR!treatment!service,!frequent!DR!laser!
sessions,!no!reported!waiting!lists!!
• Key! challenges! included! poor! data! recording! and! lack! of! integration! between!
electronic!medical!records!at!NEC!and!DR!registry.!!
! !
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3.2.5! Patient!Information!and!education!
!
One!of!the!most!important!measures!to!ensure!optimal!DR!screening!coverage,!DR!
screening!and!treatment!uptake,!is!to!provide!patients!with!the!relevant!knowledge!
on!diabetes,!management!of!risk!factors!and!its!relationship!with!DR!and!prevention!
of! sight! loss.! By! doing! this,! patients! are! encouraged! to!make! informed! choices! to!
selfOmanage! their! diabetic! risk! factors,! to! adhere! to! prescribed!medical! treatment!
and! to!attend!regular!and! timely!eye!screening.!The!different! types!of! information!
relating!to!diabetes!and!DR!screening!provided!to!patients!at!different!stages!of!DR!
screening!and!treatment!pathway!by!GPs!and!ophthalmologists!were!explored!and!
the!results!are!presented!in!Tables!3O15!and!3O16.!
!
Information!provided!by!GPs!at!PHCs!(ascertainment!stage!and!DR!referral!stage)!
!
GPs!(respondents)!were!asked!to!report!on!whether!patients!were!provided!with!any!
information!regarding!the!following:!
!
• ! Diabetes!and!eye!complications!
• ! Importance!of!attending!regular!eye!examinations!
• ! Eye!procedures!conducted!during!eye!screening!
!
Five! out! of! seven! GPs! reported! that! patients! attending! their! health! centres! were!
provided!with! information!on!diabetes! and!eye! complications.! Similarly,!most! (six)!
GPs!reported!that!they!informed!patients!about!the!importance!of!eye!screening!for!
patients! with! diabetes.! However,! only! four! out! of! seven! GPs! reported! providing!
patients!with! information!regarding!the!eye!tests!that!will!be!conducted!during!DR!
screening.! Information! provided! by! GPs! was! mainly! verbal.! Five! respondents!
reported! providing! written! information! to! patients! regarding! diabetes,! however,!
during!interviews!there!were!no!copies!available!in!the!clinics.!During!site!visits!there!
were!several!diabetic!nurse!educators!(DNEs)!attached!to!certain!health!centres.!!
!
Structured!observations!at!PHCs! suggest! that! their! roles!were!primarily! to!provide!
counselling! to! diabetic! patients! on! a! partOtime! basis! (once! a!week)! and! that! they!
were! mainly! based! at! the! Diabetic! Centre,! located! at! RIPAS! Hospital,! the! main!
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tertiary!referral!centre.!They!were!also!unclear!on!whether!the!counselling!services!
that! they! were! providing! were! on! a! temporary! basis! or! will! be! developed! as! a!
standard!service!offered!at!PHCs.!!
!
Information!provided!by!ophthalmologists!at!PHCs!(DR!screening!and!grading)!
!
All! ophthalmologists! (7/7)! reported! in! the! structured! questionnaires! that! patients!
with! diabetes! attending! DR! eye! screening! were! provided! with! verbal! information!
regarding! diabetes! and! eye! complications,! importance! of! DR! eye! screening! for!
diabetics!and! information!regarding!DR!test!procedures.!However,! it!was!observed!
that! this! was! not! always! the! case! and! the! messages! were! often! given! through!
ophthalmic! assistants.! Messages! provided! by! ophthalmic! assistants! were! a! direct!
translation!of!DR!diagnosis!and!a! simple! statement! to! tell!patients! to!control! their!
sugar! intake.! Structured! observations! and! discussions! with! ophthalmic! assistants!
suggest! that! they! had! no! formal! training! in! providing! health! education! and!
counselling!patients.!!
!
Information!provided!by!ophthalmologists!at!the!NEC!(DR!treatment!stage)!
!
Both!VR!surgeons!reported! in!questionnaires! that!patients!with!diabetes!attending!
DR!eye!screening!were!provided!with!verbal!information!regarding!diabetes!and!eye!
complications,! importance! of! DR! eye! screening! for! diabetics! and! information!
regarding!DR! test!procedures!at! the!NEC.!Based!on! the! structured!observations!at!
NEC,! it! was! noted! that! VR! 1! used! the! retinal! images! as! a! counselling! tool! to!
encourage!patients!to!adhere!to!treatment.!In!addition,!diabetic!counselling!services!
were! provided! by! a! trained! ophthalmic! nurse/counsellor! at! NEC.! However,! it! was!
also!noted!that!counselling!sessions!were!informal!without!any!standard!protocols.!
Due!to!the!lack!of!a!systematic!approach!to!provide!health!education!to!patients,!it!
was! difficult! to! gauge! the! effectiveness! of! existing! strategies! on! encouraging! DR!
screening!coverage,!DR!screening!and!treatment!uptake.!!
!
! !
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Table!3(15!Different!types!of!information!provided!by!GPs!at!PHCs!
!
Bandar!
Seri!
Begawan!
Berakas!
A!
Berakas!
B! Gadong! Muara! Sengkurong! Sg!Asam!
Diabetes!and!
Eye!
Complications!
Y! Y! Y! N! N! Y! Y!
Importance!of!
DR!eye!
screening!in!
diabetics!!
Y! Y! Y! Y! N! Y! Y!
Eye!
Examination!
procedures!
conducted!in!DR!
screening!
Y! N! Y! Y! N! N! Y!!
!
Table!3(16!Different!types!of!information!provided!by!ophthalmologists!at!PHCs!
!
Bandar!
Seri!
Begawan!
Berakas!
A!
Berakas!
B! Gadong! Muara! Sengkurong! Sg!Asam!
Diabetes!and!
Eye!
Complications!
Y! Y! Y! Y! Y! Y! Y!
Importance!of!
DR!eye!
screening!in!
diabetics!!
Y! Y! Y! Y! Y! Y! Y!
Eye!
Examination!
procedures!
conducted!in!DR!
screening!
Y! Y! Y! Y! Y! Y! Y!!
!
Summary!of!patient!Information!and!education!
!
• Both! GPs! and! ophthalmologists! reported! providing! their! patients! with! some!
information! regarding! diabetes! and! its! link! with! eye! complications,! the!
importance! of! attending! regular! eye! appointments! and! outlining! the! eye!
examination!procedures!in!DR!Screening!
• No!systematic!approach!by!GPs!or!ophthalmologists!to!health!education!!
• DNEs!at!PHCs!and!ophthalmic!nurse!educator!at!the!NEC!were!under!utilised!and!
counselling!services!provided!were!informal.!!
!
! !
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3.3!! DR!screening!coverage!and!the!uptake!estimates!for!DR!screening!and!
treatment!in!the!DR!screening!programme.!
!
3.3.1! DR!screening!coverage!
!
Screening!coverage!was!defined!in!this!study!as!the!proportion!of!diabetic!patients!
referred! by! GPs! for! diabetic! eye! screening! that! had! undergone! at! least! one! eye!
examination!at!the!same!health!centre.!At!each!of!the!six!health!centres,!screening!
coverage!was!estimated! for!patients!given!DR!screening!appointments!by! their!GP!
between!January!–!March!2012!that:!
!
1)! Attended! diabetic! eye! screening! examinations! on! the! exact! referral! date!
(Exact!screening!coverage!O!ESC);!and!
2)! Attended! within! the! threeOmonth! period! of! the! appointment! date! (Total!
screening!coverage!O!TSC).!!
!
Data! sources! used! to! estimate! DR! screening! coverage! were! based! on! GP! and! DR!
screening!data!for!2012!at!specific!health!centres!which!has!been!detailed!in!section!
2.4.2.!!!!
!
Descriptive!statistics!!
! !
In!this!study,!391!patients!were!recorded!as!having!been!referred!by!GPs!across!the!
six!different!health!centres!in!BruneiOMuara!between!January!–!March!2012.!The!age!
and!gender!profiles! for! the!GP! referred!patients!and!screening!coverage!estimates!
(ESC!and!TSC)! for! the! six!primary!health! centres! in!BruneiOMuara!are!presented! in!
Table!3O17.!!
!
The!overall!mean!age!of!the!patients!referred!to!DR!screening!was!51!years!(SD!13).!
The!mean! age!of! referred!patients! ranged! from!49! years! (SD!14)! at! Sungai!Assam!
health! centre! to! 54! years! (SD! 13)! at!Muara.! In! general,! there! were!more! female!
patients! referred! by! GPs! to! DR! screening! at! all! health! centres.! However,! gender!
distribution! varied! across! different! health! centres.! For! example,! there! were!
considerably!more! female!patients! referred! for!DR!screening!at!Sengkurong!health!
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centre!(35:65).!In!contrast,!Berakas!A!reported!more!males!being!referred!(59:41).!In!
addition,!Muara!health!centre!reported!a!relatively!even!gender!distribution!(51:49).!
!!
Screening!coverage!estimates!(ESC!and!TSC)!were!generally!low!at!all!health!centres!
(Table! 3O17).! There! were! variations! observed! in! screening! coverage! estimates! at!
individual! health! centres.! For! instance,! ESC!was! estimated! to! be!highest! at!Muara!
health! centre! (64%)! and! lowest! at! Sungai! Assam! health! centre! (51%).! For! TSC!
estimates,!Muara!health!centre!reported!the!highest!screening!coverage!(66%)!and!
Berakas!A!health!centre!reported!the!lowest!screening!coverage!(57%).!However,!in!
general,!when!attendance!to!screening!was!extended!to!a!three!month!period!from!
the!exact!appoint!date!given!to!patients!by!their!respective!GPs,!screening!coverage!
estimates! increased!only!by!5%.!Except!for!Gadong!health!centre!which!reported!a!
higher! increase! in! screening! coverage! estimates! (11%),! other! health! centres!
reported! either! no! or!minimal! difference! in! screening! coverage! estimates.! Similar!
trends!were! observed!when! ESC! and! TSC!were! calculated! for! two! selected! health!
centres!when!the!data!period!was!extended!for!one!year!(January!–!December!2012)!
(Table! 3O18).! The! similarity! between! ESC! and! TSC! figures! suggests! that! patients!
either!attended!their!appointments!on!the!given!dates!or!not!at!all.!!
!
Factors!related!to!screening!attendance!
!
The!relationship!between!age,!gender!and!health!centre!with!screening!attendance!
(TSC)!was!further!examined!(Table!3O19).!At!the!end!of!the!previous!section,! it!was!
demonstrated!that!the!ESC!and!TSC!values!were!similar;!therefore,!for!the!purposes!
of!this!analysis!only!TSC!values!were!used.!In!this!study,!female!patients!(68%)!were!
more! likely! to! attend! screening! compared! to! their! male! counterparts! (53%)!
(p=0.002).! There! were! differences! in! screening! attendance! between! the! different!
age!groups.!Screening!attendance!was!highest!amongst!the!50!O!59!age!group!(71%)!
and!lowest!amongst!those!aged!39!and!below!(47%).!However,!the!differences!were!
not! found! to! be! statistically! significant! (P=0.022).! Similarly,! screening! attendance!
was!not!affected!by!location!of!health!centres.!!
!
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Table!3(17!Age!and!gender!profiles!and!screening!coverage!estimates!(ESC!–!exact!screening!
coverage;!TSC!–!total!screening!coverage)!of!GP!referred!patients!to!DR!screening!for!six!health!
centres!in!Brunei!Muara!(January!–!March!2012)!
Health!
Centre!
Berakas!
A!
Berakas!
B! Gadong! Muara! Sengkurong!
Sungai!
Assam! All!
Age!and!Gender!profiles!for!referred!patients!
Number!of!
patients!
referred!
46! 84! 64! 61! 81! 55! 391!
Mean!age!
(SD)!
54!
(12)!
50!
(13)!
52!
(11)!
54!
(13)!
51!
(13)!
49!
(14)!
51!
(13)!
Males!(%)!
Females!(%)!
59!
41!
46!
54!
42!
58!
51!
49!
35!
65!
45!
55!
45!
55!
Screening!coverage!
Number!of!
patients!
attended!
(ESC%)!
26!
(57)!
46!
(55)!
34!
(53)!
39!
(64)!
46!
(57)!
28!
(51)!
219!
(56)!
Number!of!
patients!
attended!
within!three!
months!of!
appointment!
date!!(TSC%)!
26!
(57)!
51!
(61)!
41!
(64)!
40!
(66)!
50!
(62)!
32!
(58)!
240!
(61)!
!
Table!3(18!ESC!and!TSC!estimates!for!Gadong!and!Sengkurong!health!centres!from!January!–!
December!2012!
! Gadong!health!centre!
Sengkurong!
health!centre!
Total!number!of!GP!referrals! 346! 429!
Total!number!of!patients!attended!(ESC!%)! 132!(38%)! 250!(58%)!
Total!number!of!patients!attended!within!3O
month!period!of!appointment!date!(TSC!%)! 133!(38%)! 262!(61%)!
Difference! 0! 3%!!
!
!
!
!
!
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Table!3(19!Age,!gender!and!screening!coverage!estimates!(TSC!–!total!screening!coverage)!of!GP!
referred!patients!to!DR!screening!for!selected!health!centres!in!Brunei(Muara!(January!–!March!
2012)!
!
!
Number!of!
patients!given!
appointment!!
N!
Attended!
appointment!!
N!(%)!
Did!not!attend!
appointment!
N!(%)!
POvalues!
Age!Group!(Years)!
!≤!39! 70! 33!(47)! 37!(53)! !
!
0.022!
40O49! 101! 63!(62)! 38!(38)!
50O59! 114! 81!(71)! 33!(29)!
60O69! 69! 39!(57)! 30!(43)!
≥!70! 37! 24!(65)! 13!(35)!
Gender!
Male! 117! 94!(53)! 83!(47)! !
0.002*!Female! 214! 146!(68)! 68!(32)!
Health!Centre!
Berakas!A! 46! 26!(57)! 20!(43)!
0.928!
Berakas!B! 84! 51!(61)! 33!(39)!
Gadong! 64! 41!(64)! 23!(36)!
Muara! 61! 40!(66)! 21!(34)!
Sengkurong! 81! 50!(62)! 31!(38)!
Sg.!Assam! 55! 32!(58)! 23!(42)!
*!Statistically!significant!(P<0.05)!
!
Summary!of!DR!screening!coverage!
!
• Based! on! 3! month! screening! attendance! data! (2012),! screening! coverage!
estimates!(were!generally!low!at!all!health!centres!(ESC!56%)!
!
• Screening!coverage!rates!were!significantly!higher!amongst!female!patients.!!!
! 141!
3.3.2! DR!screening!uptake!!
!
Screening! uptake!was! defined! in! this! study! as! the! proportion! of! diabetic! patients!
identified! as! having! NSTDR! at! screening! that! have! attended! follow! up! eye!
examinations! the! following! year.! Screening! uptake! was! estimated! for! patients!
examined!between!January!–!March!2011,!who!was!given!follow!up!appointments!in!
January!–!March!2012!that:!!
!
1)! Attended! diabetic! eye! screening! examinations! on! the! exact! follow! up!
appointment!date!(Exact!Screening!Uptake!O!ESU);!and!
2)! Attended!within!the!three!month!period!of!the!follow!up!appointment!date!
(Total!! Screening!Uptake!–!TSU).!!
!
Both!screening!uptake!estimates!(ESU!and!TSU)!for!the!seven!primary!health!centres!
in!BruneiOMuara,!based!on!a!three!month!patient!attendance!data!(January!–!March!
2012)!are!presented!in!Table!3O20.!
!
A!total!of!1254!patients!with!diabetes!that!had!undergone!DR!screening!examination!
in! early! 2011! were! given! follow! up! fundus! examination! appointments! between!
January!–!March!2012.!Of!those!who!were!given!appointments,!the!average!age!was!
54! (SD!11)! in!all! health! centres!and!mean!ages!across! the!different!health! centres!
were! similar! (Berakas! A:! 52! (SD! 10);! BSB:! 55! (SD! 12)! (Table! 3O20).! Overall,! more!
female! patients! were! given! appointments! for! screening! at! all! health! centres.!
However,!gender!distribution!varied!across!different!health!centres.!For!example,!in!
Muara!health!centre,!the!gender!variation!was!the!greatest!(64:36,!M:F).!In!contrast,!
gender!distribution!was!least!at!BSB!health!centre!(49:51,!M:F).!!
!
Screening! uptake! estimates! (ESU:! 77%! and! TSU:! 78%)! were! generally! good! at! all!
health! centres! (Table! 3O20).! However,! there! were! variations! observed! between!
health!centres.!For!instance,!ESC!was!highest!at!Muara!health!centre!(ESU:!95%!and!
TSU:!97%)!and!lowest!at!Sungai!Assam!health!centre!(ESU:!61%!and!TSU:!62%).!!
!
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Overall,! when! patients’! attendance! to! follow! up! screening! appointments! was!
extended! to! a! three! month! period! from! the! exact! appoint! date! given! by! the! DR!
screening! team,! screening! uptake! estimates! increased! by! only! 1%.! This! trend!was!
also!observed!across!all!health!centres.!The!similarity!between!ESU!and!TSU!figures!
suggests! that!patients!have!either!attended!their!appointments!on!the!given!dates!
or!not!at!all.!!
!
In!the!following!section,!the!effect!of!age,!gender!and!health!centre!on!TSU!will!be!
discussed!and!as!ESU!and!TSU!values!were!found!to!be!similar,!only!TSU!values!will!
be!used!in!the!analysis!and!discussion.!!
!
Factors!associated!with!screening!uptake!
!
Screening! uptake! rates! (TSU)! were! compared! by! age! group,! gender! and! health!
centres!and!results!are!presented!in!Table!3O21.!Screening!uptake!rates!(TSU)!varied!
significantly!between!health!centres!(p<0.001).!Muara!health!centre!(97%)!reported!
the!highest!attendance!whilst!Sungai!Assam!health!centre!(62%)!reported!the!lowest!
rates.!Other!health!centres!reported!similar!attendance!rates.!!It!was!also!noted!that!
the! total! number! of! patients! given! appointments! also! varied! across! the! different!
health! centres! (Table! 3O21).! Only! 64! patients! were! given! appointments! at! Muara!
health! centre! compared! to! 360! patients! at! Sengkurong! health! centre! during! the!
three!month!period.!
!
No! statistically! significant! difference! in! screening! uptake! rates! (TSC)! observed!
between!age!groups!and!gender.!
!
!
! !
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Table!3(20!ESU!and!TSU!for!the!seven!primary!health!centres!in!Brunei(Muara,!based!on!a!three!
month!patient!attendance!data!(January!–!March!2012)!
Health!Centre! !BSB!
Berakas!
A!
Berakas!
B! Gadong! Muara! Sengkurong!
Sungai!
Assam! All!
Age!and!Gender!profiles!for!patients!given!follow!up!appointments!
Number!of!patients!! 111! 80! 284! 237! 64! 360! 112! 1254!
Mean!age!(SD)! 55!(12)!
52!
(10)!
56!
(12)!
53!
(10)!
53!
(12)!
55!
(11)!
55!
(12)!
54!
(11)!
Males!(%)!
Females!(%)!
49!
51!
43!
58!
40!
60!
39!
61!
36!
64!
41!
59!
37!
63!
41!
59!
Screening!uptake!
Number!of!patients!
attended!(ESU%)!
90!
(77)!
!
65!
(81)!
!
202!
(71)!
190!
(80)!
!
61!
(95)!
!
288!
(80)!
!
68!
(61)!
!
964!
(77)!
Number!of!patients!
attended!within!three!
months!of!
appointment!date!
(TSU%)!
91!
(78)!
66!
(83)!
203!
(72)!
191!
(81)!
62!
(97)!
290!
(81)!
69!
(62)!
972!
(78)!
!
!
Table!3(21!Age,!gender!and!screening!uptake!estimates!(TSU!–!Total!Screening!coverage)!of!patients!
attending!follow!up!DR!screening!for!selected!health!centres!in!Brunei(Muara!(January!–!March!
2012)!
!
!
Number!of!
patients!given!
appointment!!
!
Attended!
appointment!!
N!(%)!
Did!not!attend!
appointment!
N!(%)!
POvalues!
Age!Group!(Years)!
!≤!39! 120! 94!(78)! 26!(22)! !
!
0.823!
!
40O49! 271! 208!(77)! 63!(23)!
50O59! 442! 354!(80)! 88!(20)!
60O69! 293! 228!(78)! 65!(22)!
≥!70! 114! 87!(76)! 27!(24)!
Gender!
Male! 508! 338!(76)! 120!(24)! !
0.384!Female! 743! 583!(79)! 160!(21)!
Health!Centre!
BSB! 117! 91!(78)! 26!(22)!
<0.001*!
!
Berakas!A! 80! 66!(83)! 14!(17)!
Berakas!B! 284! 203!(72)! 81!(28)!
Gadong! 237! 191!(81)! 46!(19)!
Muara! 64! 62!(97)! 2!(3)!
Sengkurong! 360! 290!(81)! 70!(19)!
Sg.!Assam! 112! 69!(62)! 43!(38)!
*!Statistically!significant!(P!<0.001)!
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!
Summary!of!DR!screening!uptake!
!
• DR!screening!uptake! rates!were!good!at!all!health!centres! (ESU:!77%!and!TSU:!
78%)!
• Screening! uptake! rates! were! significantly! higher! for! Muara! health! centre! and!
significantly!lower!rates!reported!for!Sungai!Assam!health!centre.!
3.3.3! DR!treatment!uptake!
!
Treatment!uptake!was!defined!in!this!study!as!the!proportion!of!STDR!cases!referred!
by!ophthalmologists!(screeners)!that!have!undergone!laser!treatment.!In!this!study,!
STDR!cases!were!defined!as!patients!diagnosed!with!severe!NPDR!and!PDR!cases!or!
any!DR!presenting!with!macular!oedema.!There!was!no!reported!definition!of!STDR!
patients! or! referable! cases! used! by! the! DR! Screening! programme.! Therefore,! the!
above!definition!was!adopted!based!on!recommendations!by!vitroOretinal!specialists!
interviewed!in!this!study.!
!
There!was!little!information!available!on!the!STDR!cases!referred!and!treated!at!the!
NEC!by!the!DR!screening!programme.!Therefore,! for!the!purposes!of! this!study,!all!
STDR!cases!recorded!in!patient!attendance!statistics!for!the!seven!health!centres!in!
2012! (January! –! December! 2012)! were! reviewed.! This! data! was! crossOreferenced!
with!all!recorded!laser!photocoagulation!treatment!conducted!(January!2012!–!July!
2013)!by!the!main!vitroOretinal!surgeon!conducting!laser!treatment!at!the!NEC.!Using!
the! best! available! data! from! these! two! data! sources,! the! estimates! for! all! STDR!
patients!referred!by!DR!screening!that!underwent!laser!photocoagulation!treatment!
at!the!NEC!(Treatment!Uptake)!were!calculated.!!
!!
Figure!3O11!outlines! the!status!of!STDR!patients! referred! to! the!NEC! for! treatment!
from! the! seven! health! centres! to! the! NEC! and! the! corresponding! data! for! DR!
treatment!uptake!and!age,!gender!profiles!are!summarised! in!Table!3O22.!Between!
January! –! December! 2012,! a! total! of! 32! patients! from! the! 7! health! centres! were!
graded!as!STDR!cases!and!referred!to!the!NEC.!Of!the!32!patients!referred,!10!(31%)!
patients!have!undergone!laser!treatment!(DR!treatment!uptake)!at!the!NEC!between!
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January!–! July!2013.!On!average,! it! took!12!weeks! (SD!13)! for!a!patient!with!STDR!
referred!from!the!health!centres!to!undergo! laser!photocoagulation!at!the!NEC.!Of!
the! remaining! 22! patients! that! have! not! undergone! laser! photocoagulation,! 15!
patients! were! reported! to! be! referred! to! the! NEC! but! have! not! undergone! laser!
treatment!and!the!status!of!7!patients!were!undetermined.!!
!
The! profiles! (age,! gender! and! referring! health! centre)! for! patients! that! attended!
laser! treatment! were! similar.! Of! the! 10! patients! that! have! undergone! laser!
treatment!at!the!NEC,!patients!were!mostly!males!(80%)!and!were!older!(over!50s)!
(90%).! There! were! more! females! given! screening! appointments! and! attending!
screening! sessions! compared! to!males! (Table! 3O22).! It!was! also! observed! that! the!
highest!proportion!of!attendees!for! laser!treatment!at!the!NEC!were!referred!from!
Berakas!A!(30%)!and!Sengkurong!(30%).!!
!
Despite!the!reported!low!treatment!uptake!(31%),!the!limitation!of!the!data!sources!
used!to!derive!these!estimates!suggests!that!their!accuracy!may!be!limited.!
!
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Figure!3(11!Status!of!STDR!patients!referred!by!DR!screening!to!NEC!
!
!
!
!
!
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!
Table!3(22!Age!and!gender!profiles!of!STDR!patients!referred!to!NEC!in!2012!
! Number!of!STDR!
patients!referred!
Number!of!
STDR!
patients!
operated!
(%)!
All! 32! 10!(31%)!
Age!<50! 12! 1!(10%)!
Age!>!50! 20! 9!(90%)!
Male! 23! 8!(80%)!
Female! 9! 2!(20%)!
Health!Centre!
BSB! 4! 1!(10%)!
Berakas!A! 7! 3!(30%)!
Berakas!B! 4! 1!(1%)!
Muara! 1! 0!
Sengkurong! 10! 3!(30%)!
Sungai!Assam! 6! 2!(20%)!
!
Summary!of!treatment!uptake!
!
• DR!treatment!uptake!(31%)!was!reported!to!be!low!!
• On!average,!all! referred!STDR!patients!underwent! their! first! laser! treatment!at!
the!NEC!within!the!recommended!target!(12!weeks).!!
!
!
!
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3.4!! Analysis!of!key!characteristics!and!clinical!findings!of!persons!attending!
the!DR!screening!programme!
! !
3.4.1! DR!registry!(2008!–!2012)!
!
The! DR! registry! is! a! register! of! patients! with! diabetes! attending! DR! screening!
programme!in!the!BruneiOMuara!district.!The!purpose!of!the!register!was!to!compile!
the! list!of!patients! that!have!undergone!DR!screening!examination!at! the!NEC!and!
the!seven!health!centres.!
!
All! the! information! recorded! into! the! registry! was! based! on! data! collected! by!
ophthalmic! assistants! when! patients! were! first! registered! into! the! system.!
Structured!observations!of!the!NEC!suggest!that!this!registry!data!was!not!updated!
and! therefore,! the! data! presented! and! analysed! in! this! study! will! not! reflect! the!
latest! information.! In! addition,! data! collection! for! the! registry!was!discontinued! in!
January!2013!as!the!NEC!introduced!a!new!DR!registry!format!that!was!based!on!the!
REPAS!DR!grading.!However,!during!the!study!period,!data!collection!using!the!new!
DR! registry! was! affected! by! logistical! issues! and! therefore! was! not! available! for!
analysis.! For! this! study,! the! registry! data! used!was! based! on! DR! screening! period!
from!January!2008!–!December!2012.!!
!!!
Demographic! and! clinical! data! of! 6,712! patients! with! diabetes! who! attended! DR!
screening!clinics!from!January!2008!–!December!2012!is!presented!in!Table!3O23.!The!
mean!age!of!patients!was!53!years! (SD!11.74).!The!majority!of!patients!were!aged!
between!50!–!59!years!(n!=!2,400;!36%)!and!in!contrast,!patients!aged!30!or!below!
represented!the!least.!There!were!more!female!patients!(n!=!4,044;!60%)!registered!
compared! to! males! (n! =! 5,668;! 40%).! The! majority! of! patients! registered! were!
Malays!(n!=!6,129;!91%),! followed!by!Chinese!(n!=!454;!7%),! Indians!(n!=!17;!0.3%)!
and! other! ethnic! groups! (n! =! 112;! 2%).! The! vast!majority! of! the! registry! patients!
were!type!2!DM!(n!=!6469;!97%).!
!
The! distribution! of! DR! status! amongst! patients! who! were! graded! by!
ophthalmologists!by!mydriatic! retinal!examination!using!a!slitOlamp!bioOmicroscopy!
suggests! a! low! DR! prevalence! amongst! patients! with! diabetes! in! BruneiOMuara!
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attending! DR! screening.! The!majority! of! patients! screened! had! no! DR! (n! =! 6,323;!
94%)! and!only! 6%! (n! =! 373)!were! reported! to!have! any! form!of!DR.! Patients!with!
NPDR!were! 5%! (n! =! 345)! and! 0.42%! (n! =! 23)! of! patients! screened! had! PDR.! Sight!
threatening! DR! (Severe! NPDR! and!MO)!was! present! in! 67! patients! (1%).!MO!was!
present! in! 14!patients! (0.21%).!Using! the! International! Classification!of!Disease!10!
(ICDO10)! for! visual! impairment!based!on!presenting!visual!acuity! in! the!better!eye,!
visual!impairment!was!present!in!132!patients!(2.27%)!and!5!patients!(0.06%)!were!
classified!as!blind.!However,!the!main!causes!of!visual!impairment!were!unknown.!!
3.4.2! Risk!factors!associated!with!diabetic!retinopathy!
!
Table! 3O24! shows! the! odds! ratios! (adjusted! and! unadjusted)! associated! with! the!
different! parameters! amongst! registered! patients.! Patients!with! type! 2! DM! had! a!
significantly!lower!risk!of!developing!DR!than!those!with!type!1!DM!(unadjusted!OR:!
0.15;! 95%! CI:! 0.09! –! 0.25,! adjusted! OR:! 0.43;! 95%! CI:! 0.24! –! 0.78).! The! odds! of!
developing! DR! significantly! increased! with! duration! of! diabetes.! Patients! having!
diabetes! between! 21! –! 25! years!were! almost!nineteen! times! (OR:! 18.98;! 95%! CI:!
6.43!–!55.94)!more!likely!to!develop!DR!compared!to!newly!diagnosed!DM!(DM!less!
than!1!year)!and!this!remained!significant!with!multivariate!adjustment.!The!risk!for!
developing!DR!is!highest!in!patients!that!have!been!diagnosed!with!diabetes!for!30!
years!or!longer!(Adjusted!OR:!13.25;!95%!CI:!1.72!–!101.98).!!
!
Patients! with! high! FBG! levels! (>7.0! mmol/l)! had! a! significantly! higher! risk! of!
developing!DR!compared! to! those!with! lower!FBG! levels! (OR:!1.38;!95%!CI:!1.11!–!
1.70),! although! the! significance!was! lost! after! adjustment! for! other! variables! (OR:!
1.05;!95%!CI:!0.81!–!1.37).!In!contrast,!patients!with!high!HbA1c!levels!(>!6.5%)!were!
consistently!reported!to!have!a!significantly!higher!risk! in!developing!DR!compared!
to! those! with! lower! HBA1c! levels! (Unadjusted! OR:! 1.52;! 95%! CI:! 1.19! –! 1.93,!
Adjusted!OR:!1.49;!95%!CI:!1.18!–!2.00).!
!
Patients!with!reported!renal!problems!were!found!to!have!a!significantly!higher!risk!
of!developing!DR!compared!to!those!without!renal!problems!(Unadjusted!OR:!6.50;!
95%! CI:! 2.99! –! 14.06,! Adjusted! OR:! 3.34;! 95%! CI:! 1.25! –! 8.95).! Smokers! had! a!
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significantly! higher! risk! of! developing! DR! compared! to! those! who! do! not! smoke!
(Unadjusted! OR:! 3.45;! 95%! CI:! 1.67! –! 7.11),! but! this! was! not! significant! with!
adjustment! for! other! variables.! In! this! study,! both! hypertension! and!
hypercholesterolemia!did!not!show!any!significant!association!with!DR.!!
!
In! this! study,! the! sites! (NEC! and! seven! health! centres)! where! registered! patients!
(with!and!without!DR)!underwent!eye!examination!were!compared.!The!proportion!
of! patients! with! DR! being! detected! was! significantly! more! when! patients! were!
screened! at! the! NEC! and! Gadong! health! centre.! Compared! to! patients! being!
screened!at!Bandar!Seri!Begawan!health!centre!(baseline),!patients!screened!at!the!
NEC! were!more! likely! to! have! DR! (Unadjusted! OR:! 29.23;! 95%! CI:! 12.93! –! 66.08;!
Adjusted! OR:! 25.07,! 95%! CI:! 11.01! –! 57.05).! With! multivariate! adjustment,! an!
increased!likelihood!of!having!DR!was!also!found!at!Gadong!health!centre!(Adjusted!
OR:!4.08;!95%!CI:!1.42!–!11.67).!!
!
Figure!3(12!Prevalence!of!DR!in!the!different!patient!age!groups!
!
!
!
!
!
!
!
!
!
!
!
!
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Table!3(23!Demographic!and!clinical!characteristics!of!patients!with!DM!(January!2008!–!December!
2012)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! N! %!
Age!Group!
• <!30!
• 30O39!
• 40O49!
• 50O59!
• 60O69!
• >!70!
!
!
166!
670!
1,623!
2,400!
1,311!
543!
!
!
!
2!
10!
24!
36!
20!
8!
Gender:!
• Male!
• Female!
!
2668!
4044!
!
40!
60!
Ethnic!background!
• Malay!!
• Chinese!!
• Indian!
• Others!
!
6,129!
454!
17!
112!
!
91!
7!
0.3!
2!
Type!of!Diabetes!Mellitus!
• Type!1!
• Type!2!
• Undetermined!
!
87!
6,469!
156!
!
1!
96!
2!
DR!Status*!
• No!DR!
• Mild!NPDR!
• Moderate!NPDR!
• Severe!NPDR!
• PDR!
• No!Grading!
• No!View!
!
6,323!
182!
134!
29!
28!
15!
1!
!
94!
3!
2!
0.4!
0.4!
0.2!
0.01!
Presence!of!MO!
• Yes!
• No!
!
14!
6,698!
!
0.2!
99.8!
STDR!(PDR!and!MO)!
• No!
• Yes!
• UnOgradable!or!undetermined!
!
6,629!
67!
16!
!
98.8!
1!
0.2!
Categories!of!visual!impairment!(VA)**!
0!O!Mild!or!no!visual!impairment!(>!6/18)!
1!O!Moderate!visual!impairment!(6/18!O!6/60)!
2!O!Severe!visual!impairment!<6/60!O!3/60!
3!–!Blindness!(<3/60!O!1/60)!
4!–!Blindness!(<!1/60!–!PL)!
5!–!Blindness!(NPL)!
!
6,555!
142!
10!
1!
3!
1!
!
98!
2.1!
0.1!
0.01!
0.04!
0.01!
*DR!Status!based!on!funduscopy!findings!in!the!worse!graded!according!to!the!International!Clinical!
Diabetic!Retinopathy!and!Diabetic!macular!oedema!disease!severity!scale(34)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
**Presenting!distance!visual!acuity!of!better!eye!based!on!ICD(10!Classification!(2006)!for!visual!
impairment.(141)!
!
!
!
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Table!3(24!Factors!associated!with!the!presence!of!diabetic!retinopathy!
N=!6,!696!patients!
registered!
Number!
with!any!
DR!
Any!
DR!
(%)!
Odds!ratio!!
(95%!CI)!
Adjusted!Odds!ratio!
(95%!CI)!
Age!Group!(Years)!
<!30!
30O39!
40O49!
50O59!
60O69!
>!70!
5! !1! Baseline!
26! 7! 1.29!!(0.49!–!3.41)! 1.66!(0.59!–!4.70)!
76! 20! 1.57!(0.62!–!3.93)! 2.20!(0.82!–!5.89)!
139! !!!37! 1.96!(0.79!–!4.85)! 2.40!(0.90!–!6.41)!
94! 25! 2.46!(0.99!O!6.14)! 2.50!(0.92!–!6.76)!
33! 9! 2.07!(0.79!–!5.39)! 1.64!(0.58!–!4.70)!
Gender!
Male! 158! 42! Baseline!
Female! 215! 58! 0.89!(0.72!–!1.10)! 0.90!(0.71!–!1.14)!
Ethnic!Background!
Malay! 337! 90! 2.10!(0.66!–!6.65)! 2.79!(0.65!–!12.02)!
Chinese! 33! 9! 2.82!(0.85!–!9.40)! 2.43!(0.54!–!11.00)!
Indian! 0! 0! 0! 0!
Others! 3! 0.8! Baseline!
Type!of!Diabetes!Mellitus!
Type!1! 22! 5.9! Baseline!
Type!2! 321! 86! 0.15!(0.09!–!0.25)*! 0.43!(0.24!–!0.78)*!
Duration!of!Diabetes!Mellitus!
Less!than!1!year! 5! 1! Baseline!
1!–!5!years! 110! 30! 2.96!(1.20!–!7.29)! 2.87!(1.02!–!8.03)!
6!–!10!years! 142! 38! 6.48!(2.64!–!15.91)*! 5.12!(1.83!–!14.38)*!
11!–!15!years! 41! 11! 7.73!(3.02!–!19.74)*! 5.90!(2.02!–!17.33)*!
16!–!20!years! 53! 14! 16.34!(6.45!–!41.40)*! 8.53!(2.90!–!24.98)*!
21!O25!years! 12! 3! 18.98!(6.43!–!55.94)*! 7.21!(2.07!–!25.11)*!
26!–!30!years! 8! 2! 13.66!(4.30!–!43.37)*! 7.36!(1.94!–!28.00)*!
Over!30!years! 2! 0.5! 11.39(2.04!–!63.50)*! 13.37!(1.74!–!103)*!
Fasting!Blood!Glucose!
>!7.0!mmol/l! 227! 61! 1.38!(1.11!–!1.70)*! O!
HbA1c! ! !
>!6.5!%! 280! 75! 1.52!(1.19!–!1.93)*! 1.52!(1.16!–!2.00)*!
Hypertensive! 322! 86! 0.81!(0.60!–!1.11)! 1.15!(0.80!–!1.65)!
Hyper(
cholesterolemia!
285! 76! 0.72!(0.57!–!0.93)! 1.04!(0.78!–!1.40)!
Smoking! 9! 2! 3.45!(1.67!–!7.11)*! 1.03!(0.44!–!2.42)!
Renal!problems! 9! 2! 6.50!(2.99!–!14.06)*! 3.34!(1.25!–!9.00)*!
Location!of!screening! ! !
National!Eye!Centre! 288! 77! 29.23!(12.93!–!66.08)*! 25.09!(11.01!–57.05)*!
Bandar!Seri!Begawan! 6! 2! Baseline!
Berakas!A! 9! 2! 1.38!(0.54!–!3.54)! 1.40!(0.55!–!3.58)!
Berakas!B! 14! 4! 1.46!(0.59!–!3.63)! 1.38!(0.55!–!3.45)!
Gadong! 17! 5! 3.40!(1.30!–!9.66)! 4.08!(1.42!–!11.67)*!
Muara! 9! 2! 1.08!(0.41!–!2.83)! 1.09!(0.41!–!2.87)!
Sengkurong! 22! 6! 1.25!(0.43!–!3.62)! 1.22!(0.42!–!3.57)!
Sungai!Assam! 8! 2! 1.33!(0.47!O!3.77)! 1.29!(0.45!–!3.67)!
*P<0.001!
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Summary!of!analysis!of!DR!registry!(2008!–!2012)!
!
• Prevalence!of!DR!in!Brunei!(5.8%;!95%!CI:!5.03!–!6.13)!was!considerably!lower!
compared!to!other!regional!population!based!studies!(35.0%;!95%!CI:!28.2!–!
43.4)!(4)!
!
• Risk! factors! for! DR! included! having! type! 1! diabetes,! longer! duration! of!
diabetes,!high!levels!of!FBG!and!HBA1c,!smoking,!presence!of!renal!problems!
!
• Patients! were! more! likely! to! be! detected! with! DR! if! screened! at! NEC! and!
Gadong!health!centre!(adjusted!odds).!!
!
! !
!
! !
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3.5!Estimated!costs!associated!with!the!screening!and!treatment!of!DR!in!
BruneiOMuara!district.!
!
In!this!study,!the!per!person!provider!cost!of!DR!screening!at!Gadong!health!centre!
and! laser! photocoagulation! treatment! at! the! NEC,! BruneiOMuara! district! was!
calculated.!The!per!person!provider!cost!estimates!for!DR!screening!and!treatment!
will!now!be!discussed!in!turn.!
!
3.5.1! Annual!costs!of!DR!screening!!
!
Resource! items!used! for!DR! screening!at!Gadong!health! centre! (identified! through!
interviews!with!key!informants)!have!been!described!in!detail!in!section!3.2.3.!Direct!
provider!costs!used!in!this!costing!study!are!categorised!as!patient!specific!screening!
costs!(staff,!equipment,!consumables)!and!overhead!costs!(building!costs).!!!
Screening^related!costs!
!
• Staff!costs!
!
Annual!DR! screeningOrelated! costs! for!different! resource! items! (staff,! consumables!
and!equipment)!at!Gadong!health!centre!are!presented!in!Tables!3O25!–!3O28.!Total!
annual!staff!costs!for!screening!at!Gadong!health!centre!were!estimated!as!£25,284!
per! year! (Table! 3O25).! Costs! were! considerably! higher! for! the! ophthalmologist!
(£21,324!per!year)!compared!to!the!ophthalmic!assistant!(£3,960!per!year).!
!
•! Equipment!and!consumable!costs!
The! total! annualised! equipment! costs! for! DR! screening! at! Gadong! health! centre!
based!on!2012!prices!was!£1,318!(Table!3O26).!The!only!reported!consumable!used!
for!screening!was!dilation!drops! (Mydriacyl).!Annual!usage!of!Mydriacyl!was!based!
on!an!estimated!12!month!usage!at!Gadong!health!Centre! in!2012!on! the!basis!of!
screening!1226!patients!(12!x!15Oml!bottles).!The!unit!price!of!Mydriacyl!was!based!
on!2012!prices!obtained!from!the!procurement!section,!RIPAS!Hospital,!Ministry!of!
Health.!The!annual!cost!of!consumables!used! in!DR!screening!was!estimated!to!be!
£72!per!year!(Table!3O27).!!
!
!
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• Overhead!costs!
Annualised! building! costs! were! estimated! to! be! £655! (Table! 3O28).! These! costs!
include! rental! costs! for! an! examination! room! (£393)! and! a! triage! room! (£262).!
Shared!overhead!costs,!utility,!maintenance!and!administrative!sundries!costs!were!
estimated!to!be!£65.!
Table!3(25!Annual!costs!of!NEC!staff!involved!in!DR!screening!at!Gadong!health!centre!
Staff! Details!of!
activity!
Units! Monthly!Salary!!
(£)!
Annual!Cost!!!
(£)!
Ophthalmologist! Fundus!
examination!
1! 1777! 21,324!
Ophthalmic!
assistant!
Administrative!
support!
1! 330! 3,960!
Sub(total! ! ! ! 25,284!
!
Table!3(26!Annualised!cost!of!equipment!used!in!DR!screening!at!Gadong!health!centre!
!!!!!!Equipment! Details! Unit!
cost!(£)!
Units! Lifespan!
(Years)!
Annualised!
Cost!(£)!
Visual!acuity!
Chart!Projector!
Used!to!assess!visual!
acuity! 1,208! 1! 10! 142!
Slit!lamp!bioO
microscope!
Used!by!Ophthalmologists!
to!view!fundus!during!
screening!
6,223! 1! 10! 730!
Super!field!Lens!! Used!by!Ophthalmologists!
together!with!either!slit!
lamp!bioOmicroscope!or!
indirect!Ophthalmoscope!
to!view!fundus!during!
screening!
862! 1! 10! 101!
Indirect!
Ophthalmoscope!
Used!by!Ophthalmologists!
to!view!fundus!during!
screening!(if!fundus!
cannot!be!viewed!using!
slit!lamp)!
1,670! 1! 10! 196!
Direct!
Ophthalmoscope!
Used!by!Ophthalmologists!
to!view!fundus!during!
screening!(used!only!if!
fundus!cannot!be!viewed!
using!slit!lamp!or!for!
patients!on!wheelchairs)!
1,269! 1! 10! 149!
Subtotal! ! ! ! ! 1,318!
!
!
!
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Table!3(27!Annual!cost!of!consumables!used!in!Gadong!health!centre!
Consumables! Details!of!
activity!
Unit!costs!(£)! Quantity!used!! Annual!Cost!(£)!
Tropicamide! 1%!
(Mydriacyl)!
Dilating!eye!
drops!
6! 12!bottles! 72!
Sub(total! ! ! ! 72!
!
Table!3(28!Cost!of!building!space!and!utility!costs!for!DR!screening!at!Gadong!health!centre!
! Details! Area!!
(per!m2)!
Building!cost!!!!!!!!!!!!!!
per!m2!(£)!
Total!
building!
cost!(£)!
Annual!
building!
costs!(£)!
Building!costs!
Examination!
room!
Doctor!
examination!
room!
12!
!
843! 10,116! 393!
Triage!room! Visual!Acuity!
assessments,!
appointments!
and!logistics.!
8! 843! 6,774! 262!
Total! building!
costs!
655!
Shared! costs,!
Utility! (electricity!
and!water)! costs,!
maintenance! and!
administrative!
costs!
!
!
65!
Sub8total! 720!
!
Cost!per!patient!screened!
!
The!total!per!patient!costs!for!DR!screening!at!Gadong!health!centre!is!presented!in!
Table!3O29.!There!were!1,226!patients!with!DR!attending!screening!at!Gadong!health!
centre!between!January!–!December!2012.!Based!on!these!figures,!the!total!provider!
cost! per! patient! screened! was! estimated! at! £23.! The! highest! provider! cost! per!
patient! screened!was! staff! costs! at! £21! per! patient! and! consumables! (and! shared!
costs)!accounted!for!the!lowest!provider!cost!per!patient!(£0.05).!!
!
!
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Table!3(29!Annual!costs!per!year!and!costs!per!patient!screened!for!DR!screening!at!Gadong!health!
centre!
Items! Cost!per!year!(£)! Cost!per!patient!(£)!
Staff! 25,284! 21!
Equipment! 1,318! 1!
Consumables! 72! 0.05!
Building! 655! 0.50!
Shared! overhead! costs,!
utility,! maintenance! and!
administrative!sundries!costs!
65! 0.05!
Totals! 27,394! 23!
!
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3.5.2! Annual!costs!of!DR!treatment!
!
Treatment!related!costs!
!
•! Staff!costs!
Annual!DR!treatmentOrelated!costs! for!different!resource! items!(staff,!consumables!
and!equipment)!at! the!NEC!are!presented! in!Tables!3O30!–!3O33.!Total!annual!staff!
costs!at!the!NEC!were!estimated!at!£64,490!per!year.!This!includes!the!annual!costs!
for!an!ophthalmologist!(£52,384)!and!an!ophthalmic!nurse!(£12,106)!(Table!3O30).!
!
•! Equipment!and!consumables!costs!
Total!annualised!equipment!costs!for!DR!treatment!at!the!NEC!were!£6,079!(Table!3O
31).! The! most! expensive! equipment! was! the! argon! green! laser! 520! nm! (£4,761),!
followed! by! the! slitOlamp! bioOmicroscope! (£730),! indirect! ophthalmoscope! (£196),!
direct! ophthalmoscope! (£149),! visual! acuity! projectors! (£142)! and! super! field! lens!
(£101).! The! two! main! consumables! used! in! treatment! were! dilation! drops!
(Tropicamide!(Mydriacyl)!1%)!and!local!anaesthetic!drops!(Tetracaine!Hydrochloride!
1.0%).!The!total!annual!cost!of!these!consumables!was!estimated!to!be!£530!(Table!
3O32).!
!
•! Overhead!costs!
!
The! total! estimated! annual! overhead! costs! (building! and! utility! costs)! were!
estimated!to!be!£1,010.!Annual!building!costs! for!DR!treatment!were!estimated!to!
be!£918!per!year! (Table!3O33).!These!costs! include! rental! costs! for!an!examination!
and! treatment! room!(£655!per!year)!and! for!a! triage! room!(£263!per!year).!Utility!
costs!were!estimated!to!be!£92!per!year.!
!
!
!
!
!
!
!
!
!
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Table!3(30!Annual!staff!costs!for!NEC!staff!involved!in!DR!treatment!
Staff! Details!of!activity! Units! Monthly!
Salary!(£)!
Annual!
Costs!(£)!
VitreoO
retinal!
surgeon!
Fundus!examination!and!laser!
treatment!
!
1!
!
4,365!
!
52,384!
Ophthalmic!
Nurse!
Clinical!and!Administrative!support! !
1!
!
1,008!
!
12,106!
Sub(total! ! ! ! 64,490!
!
!
Table!3(31!Annualised!cost!of!equipment!used!in!laser!photocoagulation!treatment!at!NEC!
Equipment! Details! Unit!cost!
(£)!
Units! Lifespan!
(Years)!
Annualised!
Cost!(£)!
Visual! acuity!
chart!projector!
Used!to!the!assessment!of!
visual!acuity!
1,208! 1! 10! 142!
Slit! lamp! bioO
microscope!
Used!by!Ophthalmologists!to!
view!fundus!during!
examination!and!treatment!
!
6,223!
!
1!
!
10!
!
730!
SuperOfield!lens!! Used!by!Ophthalmologists!
together!with!either!slit!
lamp!bioOmicroscope!or!
indirect!Ophthalmoscope!
during!fundus!examination!
!
!
862!
!
!
1!
!
!
10!
!
!
101!
Indirect!
ophthalmoscope!
Used!by!Ophthalmologists!to!
view!fundus!(if!fundus!
cannot!be!viewed!using!slit!
lamp)!
!
!
1,670!
!
!
1!
!
!
10!
!
!
196!
Direct!
ophthalmoscope!
Used!by!Ophthalmologists!to!
view!fundus!(used!only!if!
fundus!cannot!be!viewed!
using!slit!lamp!or!for!
patients!on!wheelchairs)!
1,269! 1! 10! 149!
Argon! green!
laser!(532!nm)!
Laser!machine!used!by!
Ophthalmologists!in!laser!
photocoagulation!treatment!
for!STDR!cases!
!
40,609!
!
1!
!
10!
!
4,761!
Sub(total! ! ! ! ! 6,079!
!
!
!
!
!
!
!
! !
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Table!3(32!Annual!cost!of!consumables!used!for!laser!photocoagulation!treatment!at!NEC!
Consumables/!
Medications!
Details!of!
activity!
Unit!costs!(£)! Quantity!used!! Annualised!Cost!
(£)!
Tropicamide! 1%!
(Mydriacyl)!
Minims!
Dilating! eye!
drops!
1.10! 204! 224!
Tetracaine!1%!
Minims!
Local!
anaesthetic!
drops!
1.50! 204! 306!
Sub(total! ! ! ! 530!
!
Table!3(33!Costs!for!building!and!utility!costs!for!laser!photocoagulation!treatment!rooms!at!NEC!
! Details! Area!!
(per!m2)!
Building!
cost!per!m2!!!!!!!!!!!!!!!!!!!
(£)!
Total!
building!
cost!(£)!
Annual!
building!costs!
(£)!
Building!costs!
Examination!
room!
Doctor!
examination! and!
treatment!room!
20! 843! 16,860! 655!
Triage!room! Visual!Acuity!
assessments,!
appointments!and!
logistics.!
8! 843! 6,744! 263!
Total! building!
costs!
918!
Shared!
overhead!
costs,! utility,!
maintenance!
and!
administrativ
e! sundries!
costs!**!
92!
Sub(total! 1,010!
!
Cost!per!patient!treated!
!
The!total!per!patient!costs!for!DR!per!patient!treated!at!NEC!is!presented!in!Table!3O
34.! There! were! 204! patients! (612! sessions)! with! STDR! undergoing! laser!
photocoagulation! treated! at! NEC! between! January! –! December! 2012.! Based! on!
these!figures,!the!total!provider!cost!per!patient!treated!was!estimated!at!£114.!The!
highest!provider!cost!per!patient!treated!was!staff!costs!at!£105!per!patient!treated!
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and! shared! overhead! costs! accounted! for! the! lowest! provider! cost! per! patient!
treated!(£0.15).!!
Table!3(34!Annual!costs!per!year!and!cost!per!patient!for!DR!treatment!at!the!NEC!
Items! Cost!per!year!(£)! Cost!per!patient!(£)!
Staff! 64,490! 105!
Equipment! 6,079! 0.9!
Consumables! 530! 6!
Building! 918! 2!
Shared! overhead! costs,!
utility,! maintenance! and!
administrative!sundries!costs!
92! 0.15!
Totals! 121,640! 114!
! !
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3.6!Stakeholder’s!perspective!of!DR!screening!in!BruneiOMuara!
!
Twenty!semiOstructured!faceOtoOface! interviews!with!key! informants!(see!Table!2O4,!
section! 2.4.5)! involved! at! various! stages! of! the! DR! screening! pathway! were!
conducted!between!September!and!October!2013.!The!interviews!sought!to!explore!
respondents’!opinions!on!the!strengths!and!weaknesses!of!the!present!DR!screening!
programme! and! how! it! could! be! improved! from! the! provider! perspective.! Several!
cross! cutting! themes! emerged! from! the! analysis! of! the! interview! transcripts! and!
these!will!be!discussed!under!two!key!headings:!
1.! Perceived!value!of!DR!screening!!
2.! Challenges!in!DR!screening!!
3.6.1!! Perceived!value!of!DR!screening!
!
Respondents!valued!DR!screening!in!many!ways.!Firstly,!respondents!recognised!the!
clinical! importance! of! DR! screening! and! early! intervention! to! prevent! the!
development!of!DR.!!
"In!a!way!this![DR!screening]!will!help!them![patients]!to!reduce!the!severity!of!the!
complication!if!it!is!detected!early;!we!can!monitor!it!or!do!something!about!it"!(KI8,!
L:!48O50).!
"So,!definitely! identifying! the!DR!patients!early!would!help!managing! the!condition!
and!avoiding!serious!complications!at!the!early!stages!and!it!saves!a!lot!of!financial!
burden!for!the!health!system"!(KI18,!L:!204O207).!
"Especially!conditions!involving!macular!oedema!early!intervention!with!laser!would!
definitely! benefit! them,! even! with! PDR! when! we! do! early! PRP! (pan^retinal!
photocoagulation)!it!helps,!so!intervention!at!that![early]!stage!helps!them!to!prevent!
further!loss"!(KI21,!L:!83O86).!
Both! GPs! and! ophthalmologists! also! highlighted! the! comprehensive! diabetic! care!
(including! DR! screening! by! ophthalmologist)! provided! at! health! centres! in! Brunei.!
This!was!regarded!as!a!unique!strength!of!the!health!system.!!
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“Early! screening! and! early! detection! and! early! treatment! is! there! [available];!
everything! is! possible! when! you! do! the! screening.! So,! I! think! the! patient! and! the!
overall!health!system!benefits”!(KI22;!L:!77O79).!
“It’s! [the! services! at! PHCs]! like! a! one^stop! health! centre,! it’s! not! just! for! screening!
eyes!its!managing!the!patient!altogether![holistic!care]”!(KI6;!L:!92^97).!
“I!think!Brunei’s!DR!screening!is!unique!in!a!way!if!you!compare!to!other!countries.!It!
has!a!small!population!and!patient!to!ophthalmologist!ratio!is!quite!high!compared!
to! other! countries.! So,! we! can! use! ophthalmologists! to! screen,! which! is! almost!
impossible!to!do!in!other!countries”!(KI18,!L:!149^151).!
Several! themes! emerged! on! the! perceived! key! strengths! of! the! screening!
programme!are!reported!below!as!patient!benefits!and!provider!benefits.!
i.! Patient!benefits!
•! Physical!access!to!care!!
Both!ophthalmologists!and!GPs!shared!the!opinion!that!diabetic!patients!attending!
DR! screening! at! PHCs! have! benefitted! from! the! ease! of! physical! access! to! these!
centres.!
“Accessibility,!I!think.!Before![screening!at!PHCs]!they!just!come!to!the!hospital,!
as!you!can!see!it!is!difficult!to!come!in!and!out![of!the!hospital!compound!due!to!
traffic!congestion]”!(KI17,!L:!136^137).!!
”I!think!it’s!accessibility,!it’s!easier!to!park!here![PHC],!it’s!closer!to!their!home,!
they!can!sit!here,!the!building!is!new,!it’s!more!comfortable”!(KI3,!L:!115^116).!!
•! Comprehensiveness!of!services!
In!addition! to!physical!access,!ophthalmologists! identified! that! the!provision!of!DR!
screening! sessions! at! the! PHCs! enables! patients! to! attend! both! GP! and!
ophthalmology! services! in! one! place,! during! the! same! visit.! This!was! perceived! to!
promote!better!clinical!care!and!better!health!education.!!!
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“It’s![the!DR!screening!clinic]!very!close!to!the!outpatient!department!where!we!can!
advise! and! refer! if! there! is! any! [metabolic]! changes,! like! there! is! uncontrolled!
diabetes,!we!can!refer!them!to!the!doctor![GP]!for!monitoring,!control,!so!it’s!a!close!
connection!with!OPD!doctor,!working!hand!in!hand”!(KI23,!L:!81O86).!
•! Shorter!waiting!times!for!patients!(clinical!and!personal!benefits)!
One! respondent! thought! that! patients! screened! at! PHC! have! relatively! shorter!
waiting!times!for!examination!compared!to!patients!screened!at!the!NEC.!This!brings!
both!clinical!and!personal!(timeOsaving)!benefits!for!patients.!!!!
“When! we! [Ophthalmologist]! have! the! overall! patient! waiting! outside! for! eye!
services![General!clinics!at!the!NEC],!diabetic!eye!care!screening!patients!will!have!to!
wait!more![longer].!So!the!waiting!time!is!a!big!issue!now.!I!think!it’s!less!of!an!issue!
at!the!peripheral!eye!clinics”!(KI18,!L:!227^230).!
•! Ophthalmologists!able!to!spend!more!time!per!patient!at!PHCs!
More! screening! sessions! with! fewer! patients! per! session! are! held! at! the! PHC!
compared!to!the!NEC!screening.!This!was!viewed!as!an!opportunity!to!provide!better!
quality!and!detailed!interaction!between!ophthalmologists!and!patients.!!
“At! NEC,! patients! don’t! have! time! to! ask! any! questions! but! if! it’s! at! the! health!
centres,! doctors! [ophthalmologists}! can! spend! more! time,! in! detail! and! explain!
[counselling]”!(KI11,!L:!96!^!98).!!
“Here![NEC],!most!times!when!patients!come,!you!don’t!even!know!them![by!name].!
But!there![PHCs]!it’s!like!close!bonding![build!rapport]!and!lot!of!times!we!have!time!
to!call!and!talk!to!the!patient,!here![NEC]!there!is!no!time”!(KI10,!L:!128!^!131).!
•! Benefits!of!screening!at!the!NEC!is!access!to!specialist!care!!
Respondents! suggested! that! a! distinct! advantage! of! being! screened! for! DR! at! the!
NEC!was! that!patients! themselves! view! the!NEC!as!being!a! reputable!organisation!
compared!to!the!relatively!new!eye!clinics!at!the!PHCs.!In!addition,!respondents!also!
highlighted!that!patients!screened!at!the!NEC!will!also!have!access!to!other!specialist!
services!located!in!the!same!tertiary!hospital!as!the!NEC.!
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“So!there!are!some!patients!who!would! like! to!come!to!RIPAS! [NEC],! they! feel! that!
they! trust! it!more,! its!and!older! institute!and! they! feel! that!everything! is!available,!
that!is!the!main!thing.”!(KI21,!L:!88^90).!!
ii.! Provider!benefits!
Providers! considered! the! system! to! be!was! quicker! in! responding! to! referrals! but!
also!met!the!needs!of!cross!speciality!sharing!of!patient!records!for!comprehensive!
care!delivery.!The!PHC!model!was!viewed!to!have!that!advantage.!!
•!Better!accessibility!to!DR!screening!appointments!for!GPs!
GPs!emphasised!that!one!of!the!advantages!of!providing!DR!screening!at!the!PHCs!
was!that!the!process!of!GP!referrals!to!DR!screening!were!much!better!than!they!had!
previously!experienced.!This!was!because!GPs!had!immediate!access!to!DR!screening!
appointment!book!that!was!kept!onsite!at!PHC!and!was!also!in!direct!discussion!with!
the! ophthalmologist! when! making! referrals.! This! was! viewed! as! more! efficient!
compared! to! the! practice! at! the! NEC! that! requires! telephone! arrangements! for!
appointments.!!
“!If!it![screening]!were!to!be!done!at!NEC,!we![GPs]!would!be!calling!to!the!NEC!to!
book!(appointment)!–!there!will!be!one!staff!calling!for!every!diabetic!patient!or!what!
we!could!do!is!compile!a!list!of!patients!and!at!the!end!of!the!day!my!staff!will!go!to!
call!the!eye!clinic”!(KI3,!L:!128^131).!
”We![GPs]!don’t!have!to!go!through!the!hassle!of!calling!for!appointments;!that!
reduces!our!workload!in!referring!patients”!(KI4,!L:!134^13).!
”It’s! much! better! now,! previously! it! was! difficult! so! they! [patients]! do! skip! it!
[appointments],! then! again! if! they! miss! an! appointment! for! any! cause,! it! is! very!
difficult! to! get! an! appointment! at! NEC,! when! it! comes! to! the! periphery! (health!
centres)! it’s!easy!and!flexible!and!we!always!give!as!early!as!possible”! (KI22,!L:!69^
73).!
!
!
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•! Access!to!shared!case!notes!!
!
Another!key!benefit!of!providing!DR!screening!at!PHCs!was!access!to!shared!patient!
case! notes! (GP! and! eye! notes).! According! to!GPs! sharing! clinical! notes,!which! are!
kept! at! the! health! centre,! has! given! them! access! to! eye! notes! which! were! not!
previously!available!to!them.!This!has!enabled!GPs!to!monitor!the!DR!status!of!their!
patients.!
“We!share!the!same!notes!(clinical!notes),!so!we!can!see!the!notes!as!written!by!the!
eye!doctor,!see!what!their!comment!is!and!maybe!they!can!see!what!we!are!doing!as!
well”!(KI2,!L:!70O74).!!
“Before! we! had! different! notes! [case! notes],! I! think! that’s! a! positive! thing! about!
having!it!here![DR!screening!at!PHC].!Another!thing,!they!do!a!small!(paper!slip)!on!
the!patients!file!labelled!“No!DR”;!so!it’s!easy!for!us![GPs]!to!know![DR!status]”!(KI3,!
L:!140^142).!
SUMMARY!
• Overall,! respondents!valued!screening!clinically!and!the!organisation!of!existing!
services!for!patients!with!diabetes!at!PHCs!(comprehensiveness!and!accessibility)!
• Perceived!patient!benefits!include:!ease!of!physical!access!to!diabetic!care!(single!
location,!transportation,!time,!etc.);!comprehensiveness!of!services!(clinical!care,!
health! education),! shorter! patient! waiting! times! for! examination,! flexibility! of!
different!screening!sites!and!accessibility!to!specialist!services!
• Perceived! provider! benefits! include! direct! GP! to! DR! screening! referrals! and!
access!to!shared!case!notes!between!health!professionals.!!
! !
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3.6.2! Challenges!with!DR!screening!!
!
The! perceived! value! of! screening! to! providers! and! patients! suggests! that! the! DR!
screening!model!implemented!in!BruneiOMuara!is!generally!well!accepted.!However,!
it! is!also!apparent! that!some!of! the!above!mentioned!benefits!have!not!been! fully!
achieved! and! the! respondents! highlighted! several! challenges.! These! are! discussed!
under!the!following!key!themes:!!
• Organisation!of!screening!structure!!
• Poor!Administration!
• Lack!of!communication!between!professionals!and!departments!
• Poor!patient!awareness!and!ineffective!health!education!
!
!
!
!
!
!
!
!
!
!
!
!
!
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I.! Organisation!of!screening!structure!!
In! the! earlier! sections,! it! was! described! that! the! DR! screening! in! BruneiOMuara! is!
performed! at! both! the! NEC! and! the! seven! primary! health! centres! (since! 2006).!
Previously,!all!DR!eye!examinations!were!exclusively!at!the!NEC.!Analysis!of!interview!
transcripts! suggests! that! there! is! a! lack! of! linear! structure! in! the! DR! screening!
pathway! to! guide! both! patients! and! providers.! There! are! contrasting! opinions!
amongst!providers!as! to!whether!DR! screening! should! solely!be!at!PHCs!or! should!
screening! continue! to!be!offered!at! the!NEC!and!PHCs.! For!example,!GPs!perceive!
that! they!were! being! discouraged! by! the!NEC! to! refer! patients! to! the!NEC! for!DR!
screening.!Likewise,!some!ophthalmologists!were!aware!of!the!“referral!only”!policy!
adopted!by!the!hospital!(RIPAS)!that!had!meant!primary!eye!care!services!(including!
DR! screening)! had! shifted! away! from! the! NEC.! However,! other! ophthalmologists!
perceive! that,! in! spite!of! these!decentralisation!policies,!providing!DR! screening!at!
NEC! has! its! merits! and! should! be! developed! instead.! One! respondent! cited! an!
example! of! this! were! NEC! based! ophthalmologists! have! stopped! transferring! the!
care!(DR!screening)!of!NSTDR!patients!to!PHCs!but! instead!had!arranged!for!follow!
up!eye!screening!to!remain!at!the!NEC.!However,!it!is!still!unclear!whether!this!lack!
of!a!linear!structure!is!as!a!result!of!these!contrasting!opinions!amongst!respondents!
or! if! the! lack! of! a! linear! structure! has! caused! confusion! amongst! stakeholders.! To!
gain! a! better! understanding! the!perceived! challenges! that! have! resulted! from! this!
lack!of!a!linear!structure!will!be!further!explored.!!!!!!
“We![GPs]!can’t!even!refer![patients]!to!RIPAS![NEC]!for!diabetic!eye!screening,!they!
[referred!patients]!will!not!be!entertained”!(KI4;!L:!126^127).!
“We!have!shut!down!here![NEC],!no!walk^ins!and!only!for!tertiary!referrals!and!that’s!
the!hospital!policy!and!not!the!eye!clinic!policy.!The!whole!hospital!is!tertiary!referral,!
so,!we!send!them![patients]!back!to!the!GPs”!(KI17,!L:!163^166).!
"If!the!two^tier!system![screening!at!both!NEC!and!PHCs]! is!perfected,! I!see!it!as!an!
ideal!system,!as!far!as!I!can!see.!Obviously!currently!it’s!a!mixed!bag.!The!challenge!is!
to!bring!the!patient!back!for!the!future!assessment"!(KI13,!L:!274^276).!
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“I!remember! last!year,! it!was!our!practice![at!NEC],!after!being!seen!by!the!doctor,!
patients!were! asked!where! they! stayed! and!we! can!move! you! out! [i.e.! encourage!
patients! to! attend! the! next! follow! up! screening! at! PHCs].! But! now! it’s! not! routine!
anymore! [doctors! stopped! actively! transferring! patients! with! NSTDR! to! undergo!
screening!at!PHCs]”!(KI19,!L:!83^85).!
!
Challenges!of!DR!screening!at!NEC!and!PHCs!
!
There! are! perceptions! of! logistical! issues! that! seem! to! have! arisen! from! the!
availability!of!screening!for!both!NEC!and!the!PHCs,!and!this!is!impacting!at!a!service!
delivery!level.!!
!
•! Perceived!staffing!constraints!on!services!!
The! ophthalmic! staff! (ophthalmologist! and! ophthalmic! assistants)! involved! in! DR!
screening!at!PHCs!are!all!deployed!centrally!from!the!pool!of!ophthalmic!staff!based!
at!the!NEC.!Ophthalmologists!highlighted!their!concerns!that!providing!DR!screening!
at!both!NEC!and!PHCs!may!negatively!affect!the!running!of!existing!ophthalmology!
services!at!the!NEC!due!to!staff!shortages.!!
“We!are!still!understaffed,!we!send!all!our!Medical!officers!out!from!this!unit![to!PHC!
for!screening].!There!are!no!Medical!officers!here!except!for!one!on^call.!Because!to!
cover!the!health!centres,!it!should!not!be!like!that”!(KI17;!L:!147O149).!
Furthermore,! a! shortage! of! staff! was! felt! by! some! respondents! to! result! in! DR!
screening!sessions!at!PHCs!being!cancelled!by!the!Department!of!Ophthalmology!at!
the! last! minute.! These! screening! session! cancellations! have! led! to! patients’!
frustrations!that!have!been!reported!in!the!local!media.!
!
“I!do!realise!the!issues!of!manpower!where!several!clinics![screening!sessions]!had!to!
be!shut!due!to!shortages!of!manpower”!(KI4,!L:!102O103).!
“The! issue! [cancellation!of! screening! session]!was! reported! in! the! local!media.!This!
was! due! to! a! last! minute! change! of! appointment! and! the! patient! was! not!
contactable”!(KI14,!L:!120^123).!
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•! Loss!of!skills!among!ophthalmologists!conducting!screening!at!PHCs!
Ophthalmologists! based! at! the!NEC! undergo! a! rotation! between! providing! clinical!
services!at!NEC!and!conducting!DR!screening!at!PHCs.!However,!one!respondent!felt!
that!some!ophthalmologists!were!spending!a!disproportionate!amount!of!time!in!DR!
screening! and! providing! primary! eye! care! services! at! PHCs! compared! to! providing!
clinical!services!at!NEC.!This!was!perceived!to!put!them!at!risk!of! losing!their!other!
clinical!ophthalmology!skills!that!are!also!required!by!the!NEC.!!!!!!
“The! ophthalmologists! at! the! health! centres!must! do! the! hospital! rotation! [clinical!
ophthalmology! clinics! and! on^calls],! if! not! they! lose! their! skills! [other! clinical!
ophthalmology!and!surgical!skills].!If!not![doing!more!primary!eye!care!sessions![they!
[ophthalmologists]! will! be! completely! just! doing! conjunctivitis,! DR! and! glaucoma!
screening”!(KI17,!L:!233O238).!
!
•! Administratively!difficult!to!monitor!defaulters!
Patient! defaulting! their! DR! screening! sessions! was! a! common! concern! that! was!
raised!by!GPs,!ophthalmologists!and!endocrinologists.!Holding!screening!sessions!at!
both!NEC!and!PHCs!makes!monitoring!patient’s!attendance!difficult.!There!is!a! lack!
of!an!administrative!link!between!the!service!delivery!and!screening!activities!across!
the!system.!Respondents!have!used!the!term!“defaulters”!to!describe!patients!that!
have!not!attended!the!DR!screening!sessions!for!whatever!reason.!
!
“We!can!refer!them!at!every!visit!but!you!don’t!know!if!they!actually!have!been!seen.!
You! can!ask! the!patients!obviously,! but! I! don’t! know!when! they!were! seen,! if! they!
were!already!seen”!(KI7:!197^198).!
“Majority!of!the!patients!that!we!are!struggling!to!manage!here![NEC]!are!because!of!
[patients]!defaulting!appointments”!(KI18,!L:!65^66).!
!
“About!the!retinal!screening,!we!do!have!patients!that!do!actually!still!default.!They!
[patients]!say! that! they!are!being! followed!up!at! the!peripheral!health!centres.!We!
don’t!know!if!they!actually!turn!up!for!their!appointments”!(KI1,!L:!20^22).!
!
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•! Data!on!coverage!not!available!
!
As! newly! diagnosed! patients! with! diabetes! are! managed! by! GPs! at! PHCs,! the!
majority!of!new!referrals!to!DR!screening!are!from!GPs.!Prior!to!implementation!of!
the! PHC! DR! screening! model,! ophthalmologists! viewed! that! by! moving! from! a!
hospitalObased!screening!model!to!a!PHCObased,!screening!coverage!would!increase.!
However,! respondents! indicated! that! due! to! lack! of! data! and! record! keeping! it! is!
difficult!to!determine!screening!coverage.!
”When! I! ask! them! (patients)! have! you! seen! the! eye!doctor,! some!of! them!actually!
missed!their!eye!appointment!!Which! is!quite!a!few!number,!and!so!we!have!to!re^
make! the! appointment! again! for! them! but! I! cannot! give! you! the! actual! statistics!
because!we!do!not!keep!track!of!that”!(KI2,!L:!49^51).!
•! Decentralised!versus!one!centre!model!
There! are! two! contrasting! views! amongst! ophthalmologists! on! how! DR! screening!
should!be!structured!(i.e.!screening!at!both!NEC!and!PHCs).!Some!ophthalmologists!
support! the! current! decentralised! system! where! ophthalmologists! are! based! at!
primary! health! centres! (at! PHCs)! and! while! others! felt! ophthalmologists! should!
provide!all!DR!services!at!one!central!location!(at!NEC!alone).!!
“It’s! [the! future! plan]! eventually! to! get! all! the! primary! health! centres! (doubling! it!
from!now!8!–!16)!with!provisions!of!ophthalmic!services.!If!we!can!do!that,!we!are!the!
only!country!in!the!world!that!is!providing!eye!care!at!the!primary!level;!a!specialists!
in!a!primary!health!centre”!(KI17,!L:!207^210).!
”My!vision!of!treatment!for!DR!will!be!one!centre!not!multiple!centres,!if!it’s!possible!
for!the!community!to!attend!that!centre!where!you!have!all!facilities!for!DR.!Let’s!say!
we!have!4!or!5!Ophthalmologist! for!primary!screening,! then!senior!MO!doing! laser!
and!then!2!or!3!retinal!surgeons!in!one!centre”!(KI20;!L:!149O153).!
!
!
!
!
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Summary:!Lack!of!linear!structure!for!screening!
!
• DR! screening! at! both! NEC! and! PHCs! is! perceived! to! provide! patient! benefits!
including!giving!patients!better!access! to! specialist! services!and!better!physical!
access!for!specific!patient!groups!(elderly).!
!
• However,! offering! screening! at! both! locations! also! brings! challenges! including!
staff! constraints! for! both! clinical! and! screening! services,! loss! of! skills! of!
ophthalmologists!working!at!PHC,!administratively!difficult!to!monitor!defaulters!
and!data!on!coverage!are!not!available.!!
!
• Contrasting!opinions!on!the!best!way!to!structure!DR!screening!in!the!future.! !
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II.!Poor!administration!
Screening!has! to!be! coordinated! in!order! to! ensure! all! the!processes! are! followed!
through! in! a! timely! manner! (referrals,! record! keeping,! appointments)! and! this!
requires! the! support! of! an! effective! administration! system.! Analysis! of! interview!
transcripts! suggests! that! the! intended! goals! of! the! DR! screening! programme! are!
affected!by!poor!administration.!!
•! Manual!referral!system!from!GP!to!DR!screening!!!
Currently,! GP! to! DR! Screening! referral! practices! are! based! on! a! manual! system!
(books).! This!manual! appointment! booking! system!which! is! based! on! handwritten!
appointments!in!logbooks!kept!at!each!health!centre!is!susceptible!to!errors,!such!as!
incomplete! entry! and! logbooks! being! misplaced.! These! issues! have! led! to!
frustrations!for!both!providers!and!patients.!
“We![eye!staff]!feel!that!appointment!book!system!here![Bandar!health!Centre]!is!not!
a! success! and! they! [previous! ophthalmic! assistants]! lost! the! [appointment]! book,! I!
use!to!photocopy!the!book!to!arrange!the!appointments!but!now!it’s!difficult”!(KI15,!
L:!64^67).!
"Some! patients! do! complain! that! the! appointment! dates!were! not!written! in! their!
cards,!so!they!do!miss!out”!(KI7:!L:!189^190).!!
•! Poor!record!(data)!keeping!!
Respondents! highlighted! the! importance! of! data! collection! in! DR! screening!
programmes.!GPs!and!ophthalmologists!perceived!several!benefits!of!data!collection!
in! the!context!of!disease! registries.!They! recognised! the! importance!of!data! in!key!
areas! of! their!work! such! as! clinical! audits,! to! support! decisionOmaking,!monitoring!
attendance!and!for!quality!assurance!purposes.!!!
!!!
“The!eye!registry!(DR)!is!basically!to!keep!an!eye!on!those!patients!and!to!follow!up!
the!standard!of!eye!services!offered!to!diabetic!patients!all!over!the!country!to!make!
sure!it’s!up!to!the!standard!we!look!for!to!prevent!blindness!from!diabetes”!(KI18,!L:!
66!O!70).!!!
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“I!would! like!to!see!how!many!did!I!refer,!who!actually!or!how!many!per!cent!have!
attended!–!those!things!are!currently! lacking!–!I’m!not!aware!of!those!statistics.!So!
it’s!hard!for!me!to!know!how!to!improve!it!without!having!the!baseline!information!–!
to! know! what! is! currently! going! on,! what! is! our! goal! then! make! that! suggestion!
based! on! our! current! information.! If! you! want! to! be! efficient! in! any! way,! it’s!
important! to! have! baseline! information! of! the! current! catchment! [population],!
attendance! rate,! how!many! patients! are! diabetic,! that! all! needs! to! be! taken! into!
consideration!for!efficient!use!of!our!resources”!(KI2:!L:!147O152).!
!!
“The!function!of!this!registry! is!to!ensure!that!we!have!regular!follow!ups!for!these!
patients.!And!then!to!update!us!on!statistics!(how!many!patients!with!the!diseases)!
and!it!helps!us!in!audit!as!well”!(KI8,!L:!21O24).!
!
“It’s!about!decentralising,!mild!DR!cases.! In!the!registry,!the!mild!cases!can!be!kept!
here!(at!the!periphery)!and!the!centres!having!lasers!should!be!mainly!concentrating!
on!those!diabetics!who!require!treatment”!(KI22,!L:!21O24).!
!
However,! despite! this! awareness,! respondents! raised! several! data! collection!
challenges!that!are!attributable!to!poor!administration.!Such!challenges!include!data!
collection!that!is!incomplete;!the!lack!of!a!standardised!template!for!data!collection!
that!makes!it!difficult!to!compare!data!across!different!health!centres!and!multiple!
data! sources! kept! at! different! health! centres! that! are! neither! updated! nor! linked.!
The! data! collected! at! the! various! health! centres! are! therefore! considered! to! be!
inaccurate!and!inadequate!which!limits!its!usefulness.!!!!!
!
“I!found!it!(data!from!the!registry)!useful!but!what!he!(DR!Registry!co^ordinator)!said!
was!some!of!the!forms!were! incomplete!so!he!emphasised!that!people!should!send!
the!forms!completed”!(K10,!L:!49O50).!!
!
”Some!health!centres!have!a!template!but!others!are!doing!it!manually”!(KI4,!L:!81^
82).!
!
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“We! have! been! doing! it! but!whether! everyone! is! registered! at! Diabetic! Centre!we!
don’t!know,!we!have!separate!registries”!(KI1:!L:!49^51).!
”I’m!sure!we!face!this!in!other!health!clinics!that!once!we!enter!them!whether!it’s!a!
manual!or! computer! system!we!haven’t! found!a! solution! to!update! it! ^! to! find!out!
whether! the!patients!have!deceased!or!not!or! the!patients!have!moved!elsewhere”!
(KI6,!L:!145^146).!
”I! think!most! of! the! time! we! under^register! our! patients! because! I! don’t! think! all!
doctors!register”!(KI4,!L:!77^78).!
The! lack!of!availability!of!useful!data!attributed!to! the!poor!administration!of!data!
management!activities!has!led!to!health!providers!in!making!decisions!that!were!not!
guided!by!evidence.!Several!respondents!expressed!dissatisfaction!regarding!this.!!
“Firstly,!to!get!as!accurate!background!data!as!possible!and!with!that!to!get!as!much!
information! out! so! that! we! can! actually! plan! our! care! in! a! more! structured! way!
because! at! the!moment! it’s! neither! nor! there,! everything! goes.! Everyone! has! their!
own! ideas!on!what! to!do!with! this!or! that,!unless!hard!data! come!along”! (KI13,! L:!
116O121).!
“The!issue!comes!from!our!own!administration!and!our!leaders,!they!create!all!this.!
What! ticks!me!off! is! that! they!never! learn! from! their!previous!mistakes! ...! The! sad!
thing!about!this! is!that!we!still!do!the!same!things!(unjustified!cancellation!of!clinic!
sessions)”!(KI14,!L:!117^126)!
•! Breakdown!or!lack!of!feedback!between!providers!
Another!issue!raised!by!GPs!and!Ophthalmic!assistants!was!that!poor!administration!
has!led!to!a!lack!of!communication!between!providers!on!important!issues.!GPs!and!
ophthalmic!staff!reported!not!being!informed!of!decisions!(made!by!the!department!
of!ophthalmology)!to!cancel!and!change!DR!screening!sessions!at!PHCs.!!
"If!screening!sessions!were!cancelled!I’m!not!sure!it!was!informed!to!us!–!because!I!
was!not!aware!if!it!was!cancelled"!(KI2,!L:!106^107).!
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"The!constant!change!of!clinic!sessions!is!the!main!issue.!We!are!informed!in!the!last!
minute!and!we!are!not!ready"!(KI15,!L:!148^149).!
“We![assistants]!even!suggested![to!eye!administration]!that!if!the!clinics!need!to!be!
shut,!please!put!it!in!writing!so!we!can!give!the!letter!to!the!health!centres”!(KI15,!L:!
20^126).!
•! Electronic!medical!records!
The!Ministry!of!Health!introduced!the!electronic!medical!records!system!(BruOHIMS)!
at! the! time! of! this! study.! GPs! and! ophthalmologists! shared! their! frustrations! and!
uncertainty! in! the! system,! which! they! perceive! has! affected! their! existing! data!
collection!processes!and!has!added!to!their!existing!workload.!!
”At!the!moment,!we!are!doing!the!data!collection!manually.!With!the!user!interface!
in!Bru^HIMs!(electronic!patient!management!system),!we!cannot!collect!data”!(KI18,!
L:!143^144).!!
”We! [GPs]! are! not! quite! sure! yet.!We! are! entering! it,! ICD! 10,! but! the! question! is!
whether! the! system! [will]! have! the! function! to! extract! how! many! patients! are!
diabetics,!etc.!and!to!eliminate!the!possibility!of!duplication,!etc.”!(KI4,!L:!86!–!89).!
”So!the!problem!with!Bru^HIMs! is!that!you!cannot!tell!where!the!base!clinic!for!the!
patient,!so!you!can!only!look!at!where!ever!they!live”!(KI8,!L:!102^104).!
“We!would! have! to! upload!all! the! patient! information! on!Bru^HIMS!and! that! goes!
down! to! the! doctors! themselves! –! the! doctors! are! left! to! having! that! task! and! in!
between!seeing!patients!and!covering!other!clinics!with! the!extended!hours!so! I!do!
not!see!how!we!would!have!the!time!to!upload!all!the!relevant!information”!(KI6,!L:!
150!–!155).!
•! Ambiguous!guidelines!and!lack!of!standard!operating!procedures!
Another! challenge! attributed! to! poor! administration! highlighted! by! both!
ophthalmologists! and!GPs!was! the! lack!of! clear! guidelines!on! specific! processes! in!
the!screening!programme.!Respondents!expressed!that!better!guidelines!are!needed!
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for!providers!to!avoid!confusion!on!patient!referrals!and!dayOtoOday!management!of!
screening!clinics.!!!!
“In! this! health! centre! there! is! confusion! between! the! walk! in! and! the! diabetic!
retinopathy!screening!and!there!are!no!clear!guidelines”!(KI3,!L:!163^165).!
“We!(GPs]!refer.!We!however!don’t!know!what!is!urgent/not”!(KI4,!L:!99).!
“There! should! be! a! strict! guideline! for! the! doctors! and! staff! and! so! everyone! is!
following!the!same.!I!think!they!do!have!(guidelines);!but!clinic^to^clinic!it’s!different;!
the!way!they!do!things!differ!and!do!things!differently"!(KI22,!L:!137^140).!
“For!the!referral!guidelines![GP!to!DR!screening],!sometimes!patients!are!borderline,!
like!diabetes!during!pregnancy,!gestational!diabetes,!sometimes!they![GPs]!refer!the!
patients!to!us,!and!sometime!we![DR!screening!team]!miss!them.!So!we!should!have!
a!guideline!for!the!GPs!on!what!type!of!diabetes!should!be!referred!for!eye!screening!
or!not”!(KI16,!L:!130^134).!
•! Under^resourced!and!ill^equipped!facilities!
Ophthalmologists! shared! their! aspirations! in! providing! high! quality! diabetic!
retinopathy!care!that!is!comparable!to!regional!centres!of!excellence.!!
"What!we!(Department!of!Ophthalmology)!look!at!now!is!to!provide!the!state!of!art!
service.! We! compare! ourselves! to! centres! of! excellence! rather! than! to! average!
services!provided!elsewhere.!So,!to!reach!that!level!we!need!to!spend!more,!to!reach!
Singapore!level!of!eye!care,!we!need!to!spend!on!equipment,!infrastructure"!(KI18,!L:!
244^248).!
However,! respondents! also! highlighted! that! poor! administration! has! affected! the!
plans! to! improve! DR! screening! services! at! PHCs.! As! a! result,! existing! services! are!
under!resourced!and!illOequipped.!
”It’s!not!exactly!where!we!want! it!yet,!we!still!have!a! long!way!to!go.!We!only!are!
coming!8!health!centres!with!half!filled,!half!equipped!clinics"!(KI17,!L:!144^146).!
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“Of!course,!the!issue!of!space,!that!has!been!the!problem!from!the!beginning!when!
the!services!move!to!the!health!centre.!Now!with!the!new!projects! (health!centres)!
we! always! put! dedicated! rooms! for! community! ophthalmologists! and! even!
orthoptists!room.!But!with!time!I’m!sure!will!have!dedicated!rooms!in!the!new!health!
centres”!(KI4,!L:!146^151).!
“We!always!include!eye!equipment!in!the!health!centre!budget!but!of!course!for!the!
Ophthalmology! Dept.! they! should! look! into! the! manpower! and! I! don’t! know! for!
screening!if!you!are!going!to!train!nurses,!etc.!I!don’t!know!if!the!nurses!assisting!the!
eye!doctors,!their!roles!can!be!expanded”!(KI4,!L:!154!^!157).!
Summary:!Poor!administration!
Key!challenges!attributed!to!poor!administration!include!manual!GP!to!DR!Screening!
referrals,!poor!record!keeping,!lack!of!communication!between!providers,!problems!
with!electronic!medical! records,! ambiguous!guidelines!and! lack!of! SOP!and!underO
resourced!and!illOequipped!clinics.!
! !
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!
III.! Lack!of!communication!between!professionals!and!departments!
Respondents!perceive!the!importance!of!communication!between!professionals!and!
departments.! One! respondent! highlighted! the! importance! of! teamwork! in! the!
management!of!diabetes,!which!is!currently!lacking.!In!addition,!the!respondent!also!
highlighted! the! importance! of! listening! to! challenges! faced! by! individuals! as! an!
effective!way!of!problem!solving!challenges!faced!by!the!programme.!
"And! regarding! our! overall! concept! [managing! diabetes]! because! we!
(ophthalmologists)!don’t!interact!with!endocrinology!and!we!don’t!have!group!talk!–!
nothing! like! that.! It’s! [communication]! good! for! us! [ophthalmologist]! but! I! don’t!
know!how!others!will!benefit.!It!is!teamwork,!if!that!is!there!then!more!productivity!
will!be!there!–!that’s!definite"!(KI22,!L:!80^84).!
"There! should! be! proper! communication! between! the! [eye]! staff! –! that’s! the! only!
way.!We!understand!that! they!are!also!having!difficulties;!we!have!to!talk! to!them!
and!really!understand!what!is!happening!I!don’t!think!we!can!solve!it”!(K22,!L:!128!–!
131).!
Respondents!also!viewed!that!the!platform!of!communication!between!providers!is!
limited.!It!was!viewed!that!the!constant!rotation!of!staff!at!different!health!centres!
made! it! difficult! for! professionals! to! build! rapport.! As! a! consequence,! there! is!
perceived!mistrust!between!providers!of!each!other’s!capabilities.!!
“I! don’t! know!who! is! in! charge! or! looking! after! that! patient,! so! through! a!written!
note!just!communicate!with!them”!(KI21,!L:!124^125).!
“We!don’t!really!communicate;!just!through!the!notes.!No!meetings,!we!don’t”!(KI3,!
L:!255^256).!
“There! is! the! issue,! because! the! primary! health! centres,! I! don’t! think! they! are!
effectively!controlling!the!diabetics”!(KI17,!L:!21^23).!
”When!you!talk!about!screening,!I!am!not!questioning!the!capability!of!the!eye!clinic!
but! I! want! to! talk! about! the! aftercare/provision! of! care;! is! the! eye! clinic! ready! to!
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manage!the!patients![once!they!are!screened],!what!are!the!standards!of!care?”!(KI4,!
L:!193^196).!
Summary:!Lack!of!communication!between!professionals!and!departments!!
• Effective! communication! is! needed! to! promote! a! teamwork! approach! in!
diabetic!care!
• Better! communication! is! needed! in! problem! solving! dayOtoOday! challenges!
faced!by!the!program!staff!
• Communication!platform!needed!to!build!rapport!between!professionals.!
! !
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IV. Lack!of!health!education!(in!diabetes!and!DR!screening)!by!providers!
GPs!and!ophthalmic!assistants!highlighted!the!need!to!improve!patient’s!awareness!
of! diabetes! and! diabetic! eye! examination.! Respondents! cited! that! the! concept! of!
screening!amongst! the!general!population!may!need!to!be! improved!to!encourage!
better!participation,!and!they!shared!their!particular!concern!about!the!participation!
of!the!elderly!population!in!DR!screening.!!!
“Most!of!them!are!just!scared!to!find!out,!most!of!them!want!to!see!a!doctor!if!there!
is!a!problem,!because!screening! is! reasonably!new!to!Brunei,! in! the!past!you!see!a!
doctor!for!a!problem!but!now!we!are!trying!to!detect!a!problem!before! it!happens.!
Some!patients!are!not!into!that!mind!set!yet”!(KI2,!L:!126O129).!
“What! is! more! common! is! that! for! diabetics! that! refuse! to! accept! that! they! are!
diabetic.!And!when!we!look!at!their!card,!they!are!confirmed!to!be!diabetic!but!they!
still!refuse.!They!take!medications!every!month.!It!may!be!their!awareness,!they!say!
that!their!blood!has!sugar!but!say!they!are!not!diabetic.!We!encounter!this!more!in!
older!patients”!(KI15,!L:!38O40).!
“Some!(older!patients)!will!insist!to!come!and!drive!with!their!eyes!dilated.!I!do!find!it!
a!challenge!to!convince!patients!to!come!in!to!get!their!eyes!checked”!(KI15,!L:!183O
185).!
GPs!and!ophthalmologists!were!aware!that!patients’! lack!of!awareness!of!diabetes!
and!eye!examination!was!attributed!to!their!own!effectiveness!in!promoting!health!
education! to!patients.!GPs!specifically!attributed! their! lack!of!expertise! in!diabetes!
and!ophthalmology!as!a!barrier!to!delivering!effective!health!education.!
“A!lot!of!our!audit!are!focused!on!diabetes!and!yet!it’s!always!highlighted!only!how!
many!are!referred!to!eye!or!followed!up!at!eye;!so!what!do!we!do.!It’s!always!been!
about! increasing! awareness.! There! should! be! some! system! so! that! it’s! a! fail^safe!
mechanism”!(KI7,!L:!9!–!13).!
“I! think! that!probably! is! the!main! challenge,!we!are!not! so!good! that!making! sure!
that!patients!understands!the!importance!of!regular!follow!up”!(KI13,!L:!284O286).!
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“Most! of! the! time! it’s! me! verbally! speaking! to! the! patient! [counselling].! But! then!
what! I’m! saying!maybe!wrong!–! that! is! the!problem!as! it! has!been!a!while! since! I!
have! done! any! eye,! attached! to! any! eye! clinic! [for! training].! Things! may! have!
changed,!updated,!so!that’s!it”!(KI2,!L:!138^141).!!
Summary:!Lack!of!health!education!(in!diabetes!and!DR!screening)!by!providers!
• Patients’! levels! of! awareness! of! diabetes! and! importance! of! diabetic! eye!
screening!is!poor!
• Health!providers!are!aware!of!the!need!to!improve!patients’!health!education!
• Lack!of!expertise!is!a!barrier!for!GPs!to!deliver!effective!health!education.!!
!
!
! !
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4. Discussion!
4.1! Overview 
!
In! recognition!of! the! increasing!prevalence!of!diabetes! in!Brunei!and! the!expected!
increase! of! diabetic! retinopathy,! the! primary! health! centre! based!DR! screening! in!
BruneiOMuara!was!introduced!in!2006.!The!Brunei!National!Prevention!of!Blindness!
from!Diabetic!Retinopathy! (2012)! is!a!policy!document! that!called! towards!making!
DR! screening! systematic! at! a! national! level.! However,! since! the! inception! of! the!
programme!in!BruneiOMuara!in!2006,!no!study!has!been!conducted!to!evaluate!the!
effectiveness! of! the! model! in! practice.! The! DR! screening! initiative! was! launched!
without!a!baseline!survey!and!situation!assessment.!Therefore,! the! responsiveness!
of! the! health! system! to! embed! a! systematic! approach! to! DR! screening! has! been!
faced!with!many! constraints!and!has!been! slow! to!evolve.! This! study!provides! the!
evidence! required! to! support! the! implementation! of! the! policy! document! and!
baseline! information! on! the! gaps! and! challenges! within! the! key! service! provision!
stages!for!DR!screening!and!treatment.!!
!
This!discussion!presents!the!view!and!suggests!that!DR!screening!in!BruneiOMuara!is!
partially! systematic.! To! support! this,! the! evidence! of! key! findings! and! existing!
literature!will!be!discussed!to!highlight!key!strengths!and!weaknesses!of!the!existing!
model,! which!will! be! structured! using! the! ESDRG! framework.! The! discussions! will!
also!take!into!consideration!the!key!limitations!of!this!study.!!!
!
!
!
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4.2! DR!screening!in!BruneiOMuara!is!partially!systematic!
!
Table! 4O1! compares! the! existing! DR! screening!model! in! BruneiOMuara!with! a! fully!
systematic! screening! model! based! on! the! criteria! outlined! by! the! ECSDRG!
framework.!Based!on!this!framework,!DR!screening!in!the!BruneiOMuara!district!can!
be!described!as!partially!systematic.!Key!gaps!in!the!BruneiOMuara!model!include!low!
screening!coverage,!lack!of!quality!assurance,!lack!of!data!collection!for!monitoring,!
no!systematic!call!and!recall,!inaccurate!and!incomplete!disease!registers,!no!digital!
photography! system! and! no! data! on! accessibility! of! screening! and! treatment! by!
different!population!groups.!Bridging!these!gaps!will!be!key!to!shifting! the!existing!
model! towards! being! systematic.! The! key! strengths! and! weakness! of! the! BruneiO
Muara!model!at!different!stages!of!ECSDRG!framework!will!now!be!discussed.!
4.2.1! Access!to!effective!treatment!stage!
!
Establishing!accessible!treatment!facilities!is!an!essential!precursor!to!developing!DR!
screening! programmes! (142).! The! BruneiOMuara! model! meets! two! out! of! three!
standards! required! to!deliver!accessible!and!effective! treatment! for!DR!patients! in!
Brunei!as!outlined! in! the!ECSDRG! framework! (Table!4O1).!Evidence! from!this! study!
suggests!that!one!of!the!key!strengths!of!the!BruneiOMuara!screening!model!is!that!a!
comprehensive!DR!treatment!service!is!provided!at!the!NEC.!!
!
• Minimum!number!of!lasers!per!100,00!population!
!
No!minimum!targets!have!been!set! for! the!number!of! lasers!per!population! in! the!
ECSDRG! framework! as! it! was! recognised! that! variations! may! occur! depending! on!
how!DR!treatment!services!were!provided!(100).!However,!the!number!of! lasers! in!
the! BruneiOMuara! model! for! treatment! was! viewed! as! adequate! to! meet! the!
standards!set!by!the!framework!as!the!number!of!lasers!provided!was!comparable!to!
that! of! systematic! screening! programmes.! Analysis! of! the! structured! interview!
questionnaires! and! observations! at! the! NEC! (see! section! 2.3.4)! shows! that! there!
were!three!operational!lasers!at!the!NEC!to!serve!the!Brunei!population!(0.75!lasers!
per! 100,000!population).! This! figure! is! comparable! to! that!of! systematic! screening!
programme!such!as!Iceland!(0.4!laser!per!100,00!population).!In!addition,!the!above!
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analysis!also!revealed!that!existing!DR!treatment!services!provided!at!NEC!are!well!
resourced!(manpower,!equipment!and!infrastructure)!to!provide!comprehensive!and!
effective!DR!treatment.!!!!
!
• Maximum!time!from!diagnosis!to!treatment!time!(3!months)!
The!BruneiOMuara!model!meets!the!3!month!time!between!diagnosis!and!treatment!
set!by! the!ECSDRG.!Analysis!of!quantitative!data! from! the!health! centres!and!NEC!
demonstrates! that! in! 2012,! on! average,! it! took! 12!weeks! for! a! patient!with! STDR!
referred! from! the! health! centres! to! undergo! laser! photocoagulation! at! the! NEC.!
Similar! figures! have! been! reported! in! one!UK! audit! conducted! in! 1998!where! the!
overall!wait!for!treatment!from!referral!was!more!than!12!weeks!(115).!!
The! UK! National! Screening! Committee! (NSC)! introduced! a! new! criteria! for! time!
between! diagnosis! to! treatment! based! on! DR! status,! where! 95%! of! PDR! referrals!
should!be!treated!by!laser!within!4!weeks!(100%!by!6!weeks)!and!95%!of!positively!
identified! maculopathy! referrals! should! be! treated! by! 15! weeks! (100%! by! 26!
weeks)(48).!However,!one!study!reported!that!local!DR!screening!programmes!have!
struggled!to!meet!the!targets.! It!was!reported!that!only!26%!of!PDR!cases!referred!
for! treatment! underwent! laser! treatment! within! 4! weeks! and! 30%! of! those! with!
maculopathy!had! laser! treatment! in! less! than!15!weeks! (79).! The! study! suggested!
that!UK!screening!programmes!improve!their!processes!in!identifying!and!prioritising!
referrals!within!ophthalmology!practice!and!encourage!better! integration!between!
the! screening! programme! and! the! ophthalmology! department! as! key! strategies! in!
meeting!the!criteria!set!by!the!NSC.!!
In!this!study,!analysis!of!structured!interview!responses!and!observations!conducted!
at!PHCs!and!NEC!suggested!that!key!processes!were!in!place!to!refer!STDR!patients!
detected! through!screening!at!PHCs,! including!options! for!urgent! referrals! (section!
3.2.3).! In!addition,!analysis!of! interview!responses!with!VR!surgeons!(section!3.2.4)!
suggested! that! there! were! no! waiting! lists! for! DR! treatment! and! the! majority! of!
patients! referred! for! treatment! were! reported! to! have! consented! to! undergo!
treatment.!!
However,! in! making! these! observations,! evidence! from! structured! observations!
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(section!2.3.4)!suggested!that!the!STDR!referral!process!was!still!informal!and!lacked!
SOPs.!This! is!also!supported!by!evidence!from!the!thematic!analysis!of!SSI!that!the!
need!for!better!communication!(see!section!3.6.2)!between!the!DR!screening!team!
(ophthalmologists! and! ophthalmic! nurse)! and! the! NEC! in! dayOto! day! operation! of!
screening! services,! which! also! includes! managing! referrals.! Addressing! these!
challenges!will!be!beneficial!in!improving!diagnosis!to!treatment!time!in!the!BruneiO
Muara!model.!!
• Equal!access!for!all!patient!groups!
One!of!the!key!gaps! in!the!provision!of!DR!treatment!at!NEC,!based!on!the!criteria!
set!in!this!framework,!was!that!it!was!unclear!whether!DR!treatment!was!universally!
accessible!to!all!patient!groups.!Accessibility!to!treatment!was!not!evaluated!due!to!
time! and! resource! limitations! imposed! in! this! study.! Evidence! from! the! literature!
suggests! several! factors! affecting! patients! compliance! to! treatment! including!
accessibility!(114,!115).!!
!
Evidence!from!this!study!suggests!that!treatment!uptake!at!the!NEC!was!low.!Based!
on!quantitative!analysis!of!DR!treatment!data!of!32!patients!with!STDR!referred!to!
the! NEC! between! January! –! December! 2012,! treatment! uptake! rate! at! NEC! was!
estimated! to! be! 31%.! This! rate! was! considerably! low! compared! to! other! rates!
reported!in!the!literature!where!treatment!rates!ranged!from!44.5%!(China)(112)!to!
85%!(US)(111).!Factors!such!as!awareness!and!also!fear!of!laser!treatment!have!been!
cited!in!these!studies!as!reasons!for!poor!compliance!to!treatment!(112).!!
!
In!this!study,!22!patients!did!not!undergo!laser!photocoagulation.!It!was!difficult!to!
follow! up! the! status! of! these! patients! due! to! limited! access! to! data! following! the!
implementation!of!an!electronic!patient!database!during!the!study!period.!There!are!
no! previous! studies! that! reported! barriers! to! DR! screening! uptake! in! Brunei.!
However,!poor!uptake!rates!have!been!reported!in!patients!undergoing!gall!bladder!
treatment! in! Brunei.! In! the! study,! overall! cholecystectomy! rate! postOERC!
interventions! were! only! 36.9%! (143).! Refusal! to! treatment! included! patients! ‘not!
keen’! on! the! procedure! (46.9%),! patients’! preference! to! have! the! procedure! in!
another!country!(6.3%)!and!too!busy!with!their!work!commitments!(6.3%).*
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Based!on! these!observations,! it! is! argued! that! a!more!detailed! study! is! needed! to!
assess! treatment! uptake! rates! and! to! understand! any! barriers! to! DR! treatment!
compliance!including!access!of!treatment!by!different!patient!groups.!!
4.2.2! Opportunistic!screening!stage!
!
An! opportunistic! screening!model! is! associated!with! the! traditional! hospital! based!
clinical! examination! where! a! condition! is! detected! by! chance! as! patients! seek!
consultations!for!different!reasons!(31).!In!the!ECSDRG!framework,!the!opportunistic!
screening! model! emphasises! the! adoption! of! dilated! funduscopy! as! the! eye!
examination!method,!establishing!pathways!to!ensure!regular!annual!eye!screening!
of! patients!with!diabetes! and! to! establish!national! guidelines! for!DR! treatment!by!
ophthalmologists.! Evidence! from! this! study! suggests! that! the!BruneiOMuara!model!
fulfils!all!of!the!recommended!criteria!for!the!opportunistic!screening!stage!(Table!4O
1)!and!this!will!be!discussed!in!turn.!!
!
• Dilated!funduscopy!for!patients!attending!routine!examination!
In! this! study,! analysis! of! structured! interview! questionnaires! and! observations!
demonstrates! that! all! patients! attending! DR! screening! at! PHCs! underwent!
standardised!examination!method! that! included!dilated! funduscopy!using! slitOlamp!
bioOmicroscopy! conducted! by! qualified! ophthalmologists! (section! 3.3.3).! This!
examination! method! was! considered! as! a! strength! of! the! programme! due! to! its!
superior! diagnostic! accuracy! (high! sensitivity! and! specificity).! It! has! also! been!
considered! as! one! of! the! gold! standards! used! in! studies! that! compare! diagnostic!
accuracy!of!different!screening!examination!methods!(69).!In!addition,!it!still!remains!
the!most!prevalent!screening!examination!method!(34,!57).!!
• Annual!review!of!patients!with!diabetes!
Evidence!from!this!study!suggests!that!an!annual!review!of!patients!with!diabetes!is!
practiced! at! both! NEC! and! PHCs! (section! 3.2).! Analysis! of! structured! interview!
questionnaires! and! observations! demonstrates! that! patients! with! NSTDR! were!
offered! follow! up! screening! between! 9! –! 12!months! at! PHCs! (section! 3.2.2).! This!
finding!was! also! supported!by! observations! at! PHCs! that! demonstrated! that! there!
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was! an! annual! screening! policy! for! NSTDR! patients! outlined! in! the! REPAS! grading!
system! (section! 3.2.2).! In! addition,! evidence! from! structured! observations! at! NEC!
also!suggests!that!similar!practices!were!adopted!at!the!NEC!(section!3.2).!!!
• National!guidelines!to!refer!cases!to!ophthalmologists!
This!criterion!is!about!promoting!continuity!of!care!for!patients!detected!with!STDR!
requiring! treatment! at! eye! centres! and! avoiding! the! risk! of! blindness! from! DR!
resulting!from!unnecessary!failures!of!referral!systems.!!
Evidence! from! analysis! of! structured! questionnaire! interviews! and! observations! at!
PHCs!shows!that!referral!guidelines!for!referral!of!STDR!patients!are!outlined!in!the!
Brunei! National! Programme! for! the! Prevention! of! Blindness! document! (Section!
3.2.3).! In! addition,! analysis! of! structured! questionnaire! interviews! with!
ophthalmologists!at!PHCs!(Section!3.2.3)!and!VR!surgeons!at!the!NEC!(section!3.2.4)!
suggests! that! there!were!processes! in!place!to!ensure!that!STDR!cases!detected!at!
PHCs!were!referred!to!the!tertiary!centre!for!treatment!in!a!timely!manner.!
4.2.3! Systematic!screening!stage!
!
Systematic!screening!programmes!are!organised!activities!that!are!efficient!enough!
to!engage!and!reach!all!“at!risk”!population.!At!the!same!time,!this!coverage!has!to!
be! balanced! with! acceptability! and! adherence! to! screening! within! the! population!
(46).!The!ESCDRG!framework!outlines!a!systematic!approach!of! identifying,! inviting!
and! informing! all! “at! risk”! patients! for! eye! screening! through! an! accurate! disease!
register,! systematic! call! and! recall! system,! establishing! annual! screening! intervals!
and! setting!minimum! standards! for! screening! coverage! and!diagnostic! accuracy!of!
screening!methods.!!
!
Evidence! from! this! study! suggests! that! the!BruneiOMuara!model! fulfils!only! two!of!
the! recommended! criteria! for! systematic! screening! (annual! screening! and! good!
diagnostic!accuracy!of!screening!tests).!The!strength!and!weaknesses!of!the!BruneiO
Muara!model!for!each!criterion!will!now!be!discussed.!
!
!
!
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I. Establish!and!maintain!disease!registers!!
Systematic! screening! programmes! have! used! disease! registers! to! identify! patients!
with!diabetes!who!are!eligible!for!screening!in!the!population,!which!in!turn,!enables!
programmes! to! monitor! screening! coverage.! Therefore,! the! accuracy! of! disease!
registers!is!vital!to!serve!such!purposes.!This!has!been!achieved!through!continuous!
maintenance!of! the!database!by! regular!updating!of!data! that!has!been! collected.!
Without! comprehensive! and! updated! diabetes! registers,! screening! uptake! and!
coverage!cannot!be!monitored!(57).!!
• CDRs!lacked!standardisation!!!
Evidence!from!this!study!suggests!that!BruneiOMuara!screening!model!only!partially!
fulfils!this!criterion.!Analysis!of!structured!interview!questionnaires!and!observations!
has! shown! that! different! chronic! disease! registers! have! been! established! at! each!
health! centre! and! that! the! majority! of! health! centres! have! allocated! dedicated!
personnel!to!manage!each!CDR!(section!3.2.1).!However,!the!analysis!also!revealed!
that! implementation!of! the!CDRs!was!not! coordinated!and!was!dependent!on! the!
initiative!of!each!individual!GP.!As!there!were!no!CDR!guidelines!provided,!each!CDR!
developed!at!different!rates!resulting!in!variations!in!the!way!data!was!collected!and!
maintained.!!
Evidence! from!analysis!of! structured! interview!questionnaires!also!highlighted! that!
there!was!no!standardised!template!for!data!collection!and!the!majority!of!GPs!have!
reported! to! under! register! their! patients! into! the! CDR! (section! 3.2.1).! In! addition,!
structured! observations! at! PHCs! also! revealed! that! as! each! CDR! was! kept! at!
individual! GP! offices! at! each! PHC! as! manual! logbooks,! data! collected! were! not!
shared! amongst! GPs.! This! practice! may! lead! to! duplication! in! the! registration! of!
patients,! which! may! further! affect! the! accuracy! of! the! registers.! These! variations!
have!resulted!in!CDRs!at!PHCs!being!incomplete!and!lacked!accuracy.!In!view!of!this,!
it!was!not!surprising!that!GPs!have!unanimously!reported!that!CDRs!have!not!been!
used!as!data!source!to!refer!patients!for!DR!screening.!
!
!
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• Centralised!DR!registry!affected!by!poor!administration!and!lack!of!integrated!IT!
systems!
Analysis!of!structured!interview!questionnaires!and!observations!at!NEC!have!shown!
that! there!was! a! centralised!diabetic! retinopathy! register! in! place! at! the!NEC! (see!
section! 2.4)! and! there! were! processes! in! place! to! collect! registry! data! using!
standardised! forms! (DER! 1! and! DER! 2)! from! the! different! PHCs! and! NEC! (section!
3.2.3).!However,!thematic!analysis!of!SSI!suggests!that!poor!data!collection!by!the!DR!
screening!team!(ophthalmologists!and!ophthalmic!nurses/assistants)!has!hampered!
the!quality!of!data!collected!in!the!DER!forms!(section!3.2.4).!In!addition,!analysis!of!
the! interviews! also! revealed! that! the! implementation! of! the! electronic! patient!
record! (BruOHIMS)! that! coincided!with! the!data! collection!period! in! this! study,!has!
affected!data!collection.!Furthermore,!key!informants!have!reported!that!due!to!the!
lack! of! integration! between! the! electronic! patient! records! system! and!DR! registry!
system,!data!entry!had!to!be!performed!separately!into!both!systems!(section!3.2.4).!!
Several!studies!have!reported!the! importance!of!centralised!registers! in!systematic!
screening! programmes! (75,! 98,! 99).! In! a! UK! based! study,! the! importance! of! an!
integrated!database!was!highlighted.! It!was!reported!that! the!use!of!an! integrated!
electronic! record! was! more! sensitive! compared! to! general! practice! registers! in!
identifying!diabetic!subjects!(94).!Similarly!in!another!UK!study,!the!use!of!electronic!
patient!records!in!primary!care!was!able!to!detect!more!patients!with!diabetes!that!
were!not!previously!detected!using!data!kept!by!the!local!DR!screening!(95).!In!the!
UK,!the!NSC!has!adopted!quality!assurance!measures!to!ensure!that!disease!registers!
are!accurate!and!upOtoOdate.!
II.! Systematic!call!and!recall!for!all!people!with!diabetes!!
Most! of! systematic! screening! programmes! in! the! UK! have! implemented! call! and!
recall! systems! (144)! intended! to! improve! screening! attendance! rates.! Analysis! of!
structured!interview!questionnaires!and!observations!at!PHCs!and!NEC!showed!that!
there!was! no! call! and! recall! system! implemented! at! any! stage! of! DR! screening! or!
treatment!in!the!BruneiOMuara!model.!!
The! only! method! of! reminding! patients! of! their! screening! appointments! was!
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appointment! cards.! Analysis! of! structured! interview! questionnaires! supported! by!
evidence! from! structured! observations! shows! that! all! patients! were! given!
appointment!cards!as!a!method!of!reminding!them!of!their!screening!date.!However,!
this! practice! was! viewed! to! be! ineffective! as! it! was! observed! that! during! the!
registration! process! on! the! day! of! the! appointments,! several! patients! reported! to!
losing!their!cards.!!
In!this!study,!evidence!from!quantitative!analysis!of!attendance!data!suggested!that!
screening!coverage!was!low!(56%)!across!different!health!centres!(section!3.3.1).!DR!
screening! programmes! adopting! centralised! call! and! recall! systems! in! the! UK!
reported! high! screening! coverage! rates(75,! 147,! 148).! It! is! viewed! that! the!
implementation! of! a! systematic! call! and! recall! system!will! help! improve! screening!
coverage! rates! in! BruneiOMuara! model.! However,! this! can! only! be! achieved! with!
centralised!and!accurate!data.! Therefore,! integration!of! a!different! registry!data! is!
recommended.!
!
III.! Annual!screening!!
Early! and! regular! attendance! to! DR! screening! sessions! is! important! in! halting! DR!
progression.! The!ESCDRG! framework!and!other!UK!organisations,! such!as!National!
Institute!of!Clinical!Excellence!(NICE)!and!the!NSC,!recommend!annual!screening!for!
patients!without!STDR.!!!
!
Based! on! evidence! from! this! study,! annual! screening! of! patients! with! NSTDR! in!
BruneiOMuara! is! practiced.! Analysis! of! structured! interview! questionnaires! and!
structured! observations! at! PHCs! indicate! that! patients! with! NSTDR! were! offered!
follow! up! screening! between! 9! –! 12! months! (section! 3.2.3).! However,! thematic!
analysis!of!SSI!also!highlighted!that!DR!screening!policies! in!BruneiOMuara!could!be!
further!improved!with!a!better!screening!structure.!In!this!study,!it!was!established!
that!DR!screening!was!offered!at!both!PHCs!and!NEC.!Although!this!was!perceived!to!
bring!benefits!to!patients!(e.g.!better!patient!access!to!specialist!services),!providing!
screening!at!both!PHCs!and!NEC!posed!many!challenges!such!as!staff!constraints!for!
both!clinical!and!screening!services!as!manpower!was!resourced!from!the!same!pool!
(NEC).!It!was!also!perceived!by!key!informants!that!hospitalObased!ophthalmologists!
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who!were!also! involved! in!conducting!DR!screening!over!a!prolonged!period!might!
risk!losing!their!clinical!ophthalmology!skills!(section!3.6.2).!!
!
In! this! study,! screening! uptake! rates! across! the! different! health! centres! in! the!
BruneiOMuara! district!were! good.! Evidence! from!quantitative! analysis! of! screening!
data! at! all! health! centres! estimated! a! screening! uptake! rate! of! 77%.! Of! 1,254!
patients!with!nonOsight!threating!DR!given!annual!follow!up!review!appointments!in!
2011,! 964! (77%)! patients! were! estimated! to! have! attended! their! follow! up!
appointments!between!January!–!March!2012!(section!3.3.2).!!
!
The!UK!National!Screening!committee!sets!the!minimum!target!for!screening!uptake!
for! existing! cases! attending! follow!up!examination!as!70%! (48).!All! health! centres,!
except!for!Sg!Assam!health!centre!(61%),!have!met!this!requirement!(section!3.3.2).!
Several! health! centres! (Berakas! A,! Muara,! Gadong,! Sengkurong)! reported!
comparable!and!higher!screening!uptake!rates!(Muara:!95%)!compared!to!UK!based!
systematic!screening!programmes!(105).!!
!
Another!factor!that!was!supportive!of!the!evidence!of!good!screening!uptake!rates!
amongst! STDR! patients! in! the! BruneiOMuara! model! was! the! estimated! low! DR!
prevalence!amongst!patients!attending!DR!screening.!Based!on!quantitative!analysis!
of!DR!registry!data!(2008O2012),!prevalence!of!DR!was!estimated!to!be!5.8%!(section!
3.4).! This! prevalence! is! considerably! low! compared! to! regional! DR! prevalence!
estimates!(35%)(147).!However,!in!making!this!comparison,!it!is!recognised!that!the!
regional! estimates! were! based! on! a! population! study! whilst! the! estimates! in! this!
study!were!based!on!registry!data.!Nonetheless,!the!low!DR!prevalence!estimated!in!
this!study!supports!the!finding!that!patients!with!NSTDR!in!the!BruneiOMuara!model!
were!offered!annual!screening!and!attendance!to!these!follow!up!screening!sessions!
was!considered!at!a!good!level.!!!
!
In! this! study,! regression! analysis! of! attendance! data! demonstrated! significantly!
variation! in! screening! uptake! between! health! centres! (p=<0.001;! section! 3.3.2).!
Patients! at! Muara! health! centre! (97%)! were! more! likely! to! attend! their! annual!
screening!appointments.!This!was!in!contrast!to!patients!attending!Sg!Assam!health!
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centre,!where!only!62%!of!patients!attended!annual!screening!appointments.!It!was!
difficult! to!establish,! from!a!provider’s!perspective,! reasons! for! these!variations! to!
occur!at! these! two!health! centres,! especially!when! it!was!evident! from! findings! in!
this!study!that!DR!screening!and!grading!processes!at!different!health!centres!were!
similar!across!all!health!centres!(section!3.2.3).!However,!it!was!also!observed!in!this!
study!that!Sg!Assam!health!centre!mainly!served!a!water!village!population.!Access!
to! the! health! centre!was! primarily! through!water! transportation,!which!was! often!
affected! by!water! tides.! Evidence! in! the! literature! has! recognised! geographic! and!
socioeconomic! factors! as! important! factors! that! influence! DR! screening! uptake!
(105).!These!observations!highlight!the!need!for!research!into!patient!related!factors!
that! may! influence! screening! attendance! and! therefore! such! studies! are!
recommended!to!improve!screening!uptake.!!
!
In! this! study,! it! has! been! demonstrated! that! the! BruneiOMuara! model! fulfils! the!
criteria! for! providing! annual! screening! to! patients!with!NSTDR.!However,! it! is! also!
acknowledged!that!the!current!evidence!suggests!that!biennial!screening!is!sufficient!
and! safe! for! patients! with! a! low! risk! of! developing! DR! (148).! Biennial! screening!
frequency! is! now!being! supported! by! several!UK! based! studies! (151,! 152).! Recent!
studies!have!also!reported!extending!screening!intervals!based!on!individual!DR!risk!
factors!as!a!safe!and!costOeffective!strategy!for!screening!low!risk!DR!patients!(103,!
104).!However,!in!the!Brunei!context,!although!data!from!this!study!reported!low!DR!
prevalence! and! screening! uptake!was! good,! it! is! viewed! that!without! an! effective!
information!system!and!poor!screening!coverage,!implementation!of!such!strategies!
will!be!considered!risky.!
!
IV.! Test!used!has!sensitivity!of!≥80%!and!specificity!of!≥!90%!
The! diagnostic! accuracy! of! a! screening! test! is! an! important! component! of! any!
screening! programme.! The! ECSDRG! recommends! DR! screening! examinations! use!
methods!that!have!a!test!sensitivity!of!≥80%!and!specificity!of!≥!90%.!In!this!study,!
analysis! of! structured! interview! questionnaires! and! observations! shows! that! the!
screening! method! adopted! across! the! different! health! centres! was! dilated!
funduscopy! using! slit! lamp! bioOmicroscopy! by! trained! Ophthalmologists! (section!
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3.2.3).!!
Evidence!from!studies!that!compared!sensitivity!and!specificity!of!different!screening!
methods!reported!varying!sensitivity!(87%!–!92%)(48)(50)!and!specificity!values!(91%!
–! 99%)! (41).! It! was! difficult! to! directly! compare! the! values! due! to! different!
methodologies! employed! in! these! studies.! However,! these! studies! highlight! that!
better!diagnostic!accuracy!was!achieved! if!the!screening!was!performed!by!trained!
ophthalmic!personnel!using!digital!photography!or!slit! lamp!biomicroscopy!but!not!
direct!ophthalmoscopy!(70).!Therefore!based!on!this!evidence,!it!is!viewed!that!the!
screening!method!adopted!in!the!BruneiOMuara!model!has!sensitivity!and!specificity!
that!are!comparable!to!the!set!standards.!!
!
v.! Screening!coverage!≥!80%!
Good! screening! coverage! rates! ensure! that! patients! with! diabetes! eligible! for!
screening! undergo! diabetic! eye! screening! examinations! in! a! timely! manner.! The!
ESCDRG! framework! recommends! 80%! as! a! minimum! standard! for! screening!
coverage!rates.!!
!
In!this!study,!the!overall!screening!coverage!rates!were!estimated!to!be!low!across!
all!health!centres.!Quantitative!data!analysis!of!patient!attendance!data!showed!that!
only! 219! of! the! 391! patients! (56%)! referred! by! GPs! to! DR! screening! at! the! six!
different! health! centres! from! January! to! March! 2012! attended! DR! screening!
appointments! (Section! 3.3.1).! Systematic! screening! programmes! in! the! UK! have!
reported!much!higher!screening!coverage!rates!between!89%!(98)!–!93%!(97).!!
• GP!to!DR!screening!referral!process!gaps!
There!were!small!variations! in!screening!coverage!rates,!with!Muara!Health!centre!
(64%)!reporting!the!highest!rate!and!Sungai!Assam!(51%)!reporting!the!lowest!rate.!
More!importantly,!none!of!health!centres!included!in!this!study!achieved!screening!
coverage!higher! than!70%,! the!minimum!screening!coverage!criteria!set!by! the!UK!
NSC! (151).!This! suggests!a!systemic!challenge!that! is!common!to!all!health!centres!
may!have!contributed!to!the!low!screening!coverage!rates.!
!
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Analysis! of! structured! interview! questionnaires! and! observations! at! PHCs! have!
reported!that!although!there!were!processes!in!place!for!GPs!to!refer!patients!for!DR!
screening!at!each!health!centres,!the!processes!are!rudimentary,!lacking!guidelines,!
standardised! referral! forms! and! lack! of! data! on! screening! attendance! (see! section!
3.2.2).! This! is! further! supported! by! findings! from! the! thematic! analysis! of! SSI! that!
revealed!a! lack!of!clarity! in! the!screening!structure! for!GP! referrals! (section!3.6.2).!
The!inconsistency!in!the!flexibility!given!to!patients!to!attend!DR!screening!either!at!
the!NEC!or!at!primary!health! centres!by! the!DR!screening! team,!was!perceived!by!
GPs!as!misleading!and!has!led!to!confusion!amongst!GPs!and!patients.!It!is!therefore!
viewed!that! the!GP!to!DRS!referral!process!gaps! reported!across!all!health!centres!
may! have! contributed! to! the! low! screening! coverage! and! it! is! recommended! that!
GPs!and!patients!are!provided!with!clear!guidelines!on!this!process!to!address!this!
issue.!
!
• Effect!of!age!and!gender!on!screening!coverage!
!
In! this! study,! analysis! of! GP! referred! patients! attending! screening! at! six! health!
centres! in! BruneiOMuara! demonstrated! that! screening! coverage! rates! were!
significantly! lower! amongst! young! and!male! patients.! Female! patients!were!more!
likely! to! attend! screening! appointments! compared! to! their! male! counterparts!
(section! 3.3.1).! Based! on! quantitative! data! of! STDR! cases! referred! to! the! NEC!
between! January! –! December! 2012,! it! was! also! observed! that! STDR! cases!mainly!
comprised! of! males! (80%)(Table! 3O22;! section! 3.3.3).! Whilst! acknowledging! the!
limitations! of! the! data! sources! used! to! compute! the! STDR! cases,! the! higher!
prevalence!of!STDR!amongst!males!supports!the!importance!of!early!detection!and!
the!need! for! regular! screening! for!patients!with!diabetes.!The! lower!prevalence!of!
STDR! amongst! females! may! be! the! result! of! better! compliance! to! screening!
attendance!amongst!females!compared!to!males.!!
!
Similarly,!low!compliance!to!screening!attendance!amongst!the!younger!population!
was!also!a!cause!for!concern.!Although,!the!effect!of!age!on!screening!coverage!was!
not! shown! to! be! statistically! significant! (Table! 3O19,! section! 3.3.1);! regression!
analysis!of!DR!registry!data!that!duration!of!diabetes!was!one!of!the!risk!factors!for!
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developing!DR!(Table!41,!section!3.4.2).!Many!studies!have!demonstrated!diabetes!
duration!as!an!established!predictor!of!DR!progression! (12,!16,!149).!Patients!who!
delay!or!miss!their!screening!appointments!are!more!likely!to!present!with!late!stage!
STDR.!!
!
Low! compliance! to! screening! attendance! amongst! younger! and! much! older!
population! groups! has! been! documented! (111,! 99,! 154).! Similar! studies! also!
reported!poor!attendance!amongst!younger!patients!who!also!have!longer!diabetes!
duration,! poor! glycaemic! control,! poor! BP! control! and! were! smokers! (105),!
established!DR!risk!factors!(153).!!
!
A!targeted!programme!to!raise!awareness!amongst!young!patients!may!be!needed!
to! encourage! screening! attendance.! Established! DR! eye! screening! programmes! in!
the!UK!have!reported!that!screening!coverage!can!be!improved!(97).!This!has!been!
achieved! through! the! introduction! of! systematic! strategies! to! identify,! invite! and!
inform! those! eligible! for! DR! eye! screening.! However,! before! implementing! such!
strategies,!it!is!acknowledged!that!further!studies!will!be!needed!to!understand!the!
barriers!to!screening!amongst!GP!referred!patients!in!BruneiOMuara!and!the!impact!
of!screening!coverage!on!the!diabetic!population!in!Brunei.!!
4.2.4!Full!systematic!screening!stage!
!
The! criteria! set! out! in! this! stage! represent! the! current! reference! standard! for!
developing! DR! screening! programmes.! Evidence! from! this! study! suggests! that! the!
BruneiOMuara!model!has!not!fulfilled!any!of!the!recommended!criteria.!
I. Full!screening!coverage!
In!the!previous!section,!screening!coverage!in!the!BruneiOMuara!screening!model!has!
been!described!in!detail!where!it!was!demonstrated!that!screening!coverage!rates!in!
the! BruneiOMuara! model! did! not! meet! the! minimum! recommended! criteria! for!
screening!coverage!of!>80%.!Based!on!this,!it!is!viewed!that!full!screening!coverage!
will!be!difficult!to!attain!in!the!existing!BruneiOMuara!model.!!
!
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II. Quality!assurance!at!all!stages!of!screening!
Quality! assurance! ensures! that! standards! of! care! provided! in! the! screening!
programme! do! not! fall! below! levels! that!may! cause! unintended! harm! to! patients!
(57).!Evidence!from!this!study!suggests!that!there!were!no!policies!and!processes!in!
place! to! assess! quality! standards! in! the! BruneiOMuara! model! and! therefore!
implementation! of! different! processes! throughout! the! screening! programme!were!
not!effectively!monitored.!!
The! National! Prevention! of! Blindness! from! Diabetic! Retinopathy! in! Brunei!
Darussalam! is! a! policy! document! outlining! the! implementation! of! DR! screening!
programme!in!Brunei.!However,!a!review!of!this!document!revealed!no!initiatives!to!
implement!quality!assurance!in!the!existing!DR!screening!programme.!!
Analysis!of! structured! interview!questionnaire! responses!and!observations!at!PHCs!
reveals! that! there! were! several! process! gaps! throughout! the! DR! screening! and!
treatment!pathway!that!may!benefit!from!a!quality!assurance!programme.!In!section!
3.3.2,!it!was!highlighted!that!despite!processes!in!place!for!GPs!to!refer!patients!for!
DR!screening,!process!gaps!(lack!of!clear!guidelines,!lack!of!documentation!and!poor!
data! collection)! have! hampered! the! referral! process.! Consequently,! screening!
attendance! (screening! coverage)! has! been! affected! (section! 3.3.1).! Similar! process!
gaps! have! been! highlighted! in! previous! sections! for! DR! screening! and! grading!
pathway!(section!3.2.3)!and!DR!treatment!pathway!(section!3.2.4).!!
These!findings!have!been!supported!by!the!thematic!analysis!of!SSI!that!highlighted!
a! mismatch! between! the! stakeholder’s! expectations! of! the! screening! programme!
and! what! is! being! implemented! (section! 3.6).! The! DR! screening! programme! was!
valued! by! stakeholders! to! be! important! clinically! and! provided! patients! with!
comprehensive! and! accessible! care.! However,! challenges! such! as! lack! of! a! linear!
structure! for! screening! described! earlier! was! perceived! to! place! manpower!
constraints! for! both! clinical! and! screening! services,! the! loss! of! skills! of!
ophthalmologists!working!at!PHC!and!made!it!difficult!for!administrators!to!monitor!
defaulters.!These!challenges!were!further!compounded!by!organisational!issues!such!
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as! poor! administration! and! lack! of! communication! between! professionals! and!
departments,!which!were!also!highlighted!in!the!study!(section!3.6.2).!
The! observed! mismatch! highlighted! above! suggests! that! there! was! intent! by!
stakeholders! to! provide! better! screening! services! and! improve! services.! However,!
without! a! structured! platform! monitoring! of! key! processes,! the! delivery! of!
comprehensive! and! accessible! services! was! difficult.! The! introduction! of! a! quality!
assurance!programme!will!therefore!provide!such!platforms!for!effective!monitoring.!
In! the! UK,! the! NSC! has! recommended! 19! different! quality! assurance! standards!
(Appendix!13).!!
!
It! is! recommended! that! a! pilot! study! be! conducted! to! assess! the! feasibility! of! a!
quality!assurance!programme!using!the!process!gaps!described!in!earlier!sections!as!
a!base!from!which!to!develop!indicators!to!monitor!the!implementation!of!different!
processes!at! each! stage!of! the!DR! screening!and! treatment!pathway.! Such! studies!
are!needed!as!implementation!of!quality!assurance!programmes!are!costly,!resource!
intensive,! timeOconsuming! and! dependent! on! good! information! systems! (57).! In! a!
more! recent! UK! study,! it! was! highlighted! that! many! local! screening! programmes!
continue!to!struggle!to!meet!quality!standards!set!by!the!NSC!(79).!!
!
III. All!personnel!screening!is!certified!as!competent!
There!are!currently!no!certification!programmes!for!screeners! in!the!BruneiOMuara!
model.! However,! all! ophthalmologists! conducting! screening! have! undergone! basic!
ophthalmology! training.! Training! needs! were! not! assessed! in! this! study! due! to!
resource!and!time!constraints.!!
However,!training!needs!were!raised!by!GPS!during!interviews.!Thematic!analysis!of!
semiOstructured! interviews! suggests! that! there! was! a! lack! of! health! education!
programmes!recognised!by!both!GPs!and!ophthalmologists!(section!3.6.2).!GPs!have!
highlighted! their! lack! of! training! in! ophthalmology! as! a! barrier! to! deliver! effective!
health! education! regarding! diabetic! retinopathy! and! DR! screening! tests! to! their!
patients.! Literature! on! training! in! DR! screening! programmes! has! focused! on! the!
training! and! certification! of! DR! screeners! who! are! nonOmedically! trained.! An!
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Australian! study! reported! that! screening! training! and! credentialing!was! associated!
with!better!performance! in!grading! (62).! Training!needs!assessment,!based!on! the!
screening!and!grading!processes!of! the!BruneiOMuara!model,! is!needed! to! identify!
the!training!requirements!for!all!screeners!and!graders!in!the!existing!model.!
IV. Central/regional! data! collection! for! monitoring! and! measurement! of!
effectiveness!
Good!information!systems!are!needed!to!monitor!and!measure!the!effectiveness!of!
screening!programmes.!This!includes!a!centralised!updated!database!for!identifying,!
informing! and! inviting! patients! with! diabetes! requiring! screening! to! screening!
events,! standardised! eye! examination! and! grading! data! of! all! patients! attending!
screening,! and!patient!attendance!data! to!monitor! screening! coverage!and!uptake!
rates.!
Evidence! from! this! study! suggests! that! information! systems! are! generally! poor!
throughout! the! programme.! Analysis! of! structured! interview! questionnaires! and!
observations!at!PHCs!highlighted!that!despite!the!existence!of!disease!registers!that!
could! potentially! be! used! as! a! reliable! data! source! for! identifying! and! inviting!
patients! for! screening,! poor! data! management! has! resulted! in! registries! being!
incomplete!and!inaccurate!(section!3.2.1).!
The! DR! registry! was! an! attempt! to! centralise! data! collection! for! DR! screening!
throughout! the! country.! Analysis! of! structured! interview! questionnaires! and!
observations!at!PHCs!has!also!demonstrated!that!a!standardised!template! for!data!
collection! for! all! patients! undergoing! screening! and! a! standardised! DR! grading!
scheme! (REPAS! grading! system)! was! adopted! (section! 3.2.3).! However,! thematic!
analysis!of! semiOstructured! interviews!suggests! that!poor!administration!hampered!
the! implementation!of!DR! registry! system! (section!3.6.2).!Key! informants! reported!
that! poor! data! recording! during! screening! has! resulted! in! DER! forms! being!
incompletely!filled!resulting!in!an!incomplete!database.!!
In!addition,!analysis!of!structured!interview!questionnaires!and!observations!at!the!
NEC!has!also!reported!the!introduction!of!an!electronic!medical!record!system!that!
has!affected!data!collection!process!for!DR!registry!(section!3.2.4).!Experiences!from!
! 200!
UK!screening!programmes!have!associated!poor!information!systems!(availability!of!
data,! accuracy! of! data! and! linking! of! different! database)! as! a! key! challenge! in!
compliance!to!quality!assurance!standards!(57).!!
• Monitoring!of!STDR!referrals!to!NEC!affected!by!poor!data!management!
An!aspect!of!the!DR!screening!programme!that!may!benefit!from!a!centralised!data!
collection!is!the!monitoring!of!referrals!from!PHCs!to!the!NEC.!Effective!referrals!for!
further! evaluation! and! treatment! of! suspected! STDR! cases! are! important! in!
preventing! sight! loss! through! early! treatment! interventions.! Systematic! screening!
programmes!have!used!quantitative!measures!such!as!referral!uptake!rates!and!rate!
of! true! referrals! to! monitor! the! effectiveness! of! referrals! for! treatment! at! eye!
centres!(58,!156,!157).!!
In!this!study,!the!limitation!of!data!sources!was!a!significant!constraint!in!assessing!
the! effectiveness! of! referrals! to! NEC.! Findings! from! structured! interview!
questionnaires!and!structured!observations!suggest!that!key!processes!were!in!place!
for! referrals! of! suspected! STDR! patients! to! the! NEC! for! further! evaluation! and!
treatment! (Figure! 3O10,! section! 3.2.4).! However,! it! was! noted! during! structured!
observations! at! PHCs! and! the! NEC! that! availability! of! data! sources! needed! to!
evaluate!DR!treatment!was!limited!either!due!to!poor!data!recording!or!data!was!not!
collected!at!all.!As!a!result,!referral!uptake!rates!and!rate!of!true!referrals!could!not!
be!derived!in!this!study!(Figure!3O1,!section!3.1).!!!
Analysis! of! the! available! STDR! referral! data! suggested! that! the! majority! (80%)! of!
STDR! cases! were! males,! despite! the! fact! that! more! females! were! screened.! It! is!
possible! that! there!are!some!gender!differences! in! terms!of!diabetes!management!
i.e.! that!women!have! tendency! towards! better! control.! This! is! supported! to! some!
extent! by! the! fact! that! more! women! than! men! attended! DR! screening(156,157).!
However! it! is! unlikely! to! explain! such! a! discrepancy! in! the! proportion! of!
males/females!with!STDR.!Furthermore,!the!analysis!of!the!DR!registry!indicated!no!
gender!differences!in!the!prevalence!of!DR.!Therefore,!this!gender!difference!is!more!
likely!to!reflect!poor!data!recording.!!
Analysis! of! the! available! STDR! cases! also! suggested! that! the! proportion! of! STDR!
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cases! referred! varied! between!PHCs! (Table! 3O22,! section! 3.3.3).! The! differences! in!
referral! rates! suggest! that! either!DR!progression! varies! between!health! centres!or!
the! differences! could! be! a! result! of! variations! in! screening! and! referral! processes!
between! health! centres.! However,! analysis! of! DR! registry! data! did! not! show!
significant! differences! between! health! centres! (Table! 3O24,! section! 3.4.2).!
Furthermore,! structured! interviews! and! observations! indicated! that! DR! screening,!
grading! and! referral! processes! (to! NEC)! were! similar! across! the! different! health!
centres! (Figures! 3O6! –! 3O10,! section! 3.2.3).! Therefore,! the! observed! differences! in!
STDR!proportion!across!different!health!centres!were!more! likely! to!be!due! to! the!
limitations!of!the!data!used!to!estimate!STDR!cases.!!!!
It! is! clear! that! an! integrated! information! system! will! benefit! the! DR! screening!
programme! by! improving! different! processes! and! also! facilitating! monitoring! of!
activities.! It! is! therefore! recommended! for! stakeholders! in! the! DR! screening!
programme! to! engage! with! BruOHIMS! administrators! to! address! the! data! related!
issues.!!!!
V. Digital!photographic!screening!!
Digital! photographic! screening! has! been! extensively! been! used! in! systematic!
screening!programmes.! It!has!many!advantages! including!good!diagnostic!accuracy!
(sensitivity! and! specificity)(158,! 71),! ability! to! store! images! for! audit! purposes! and!
documentation! (87),! it! is! costOeffective! (159),! use! of! nonOmedical! personnel! as!
screeners!(69)!and!increase!screening!coverage!(158).!!
Analysis! of! structured! interview! questionnaires! and! observations! at! PHCs! showed!
that!the!screening!method!employed!at!all!six!health!centres!in!BruneiOMuara!model!
was!dilated!funduscopy!by!trained!ophthalmologists!using!slit! lamp!bioOmicroscopy!
(section! 3.2.3).! In! addition,! it! also! revealed! that! in! the! BruneiOMuara! model,! the!
same! ophthalmologists! performed! the! screening! and! grading,! and! there! are! no!
processes!to!verify!screening!outcomes!in!the!existing!screening!model.!
Although! screening! examination! using! slitOlamp! biomicroscopy!will! help! detect! DR!
screening! accurately,! it! has! no! capacity! for! storing! fundus! images.!Without! image!
storage,! fundus!examination!findings!recorded! in!the!DER!forms!were!restricted!to!
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simple!numeric!codes!representing!the!different!DR!status!(REPAS!grading!system).!
Image! capture! in! digital! fundus! photography! provides! ophthalmologists! with! the!
option! to!store! images! for! future!use! (e.g.! comparison!of! images! from!one!visit! to!
another)! and! also! it! allows! other! ophthalmologists! to! contribute! to! the! grading!
process!without!having!the!need!to!reassess!the!patient.!!
Several! factors! need! to! be! considered! before! implementing! digital! funduscopy!
system! including! technical! failure! (retinal! images! that! cannot! be! viewed),! training!
and!certification!(if!screening!is!not!performed!by!nonOmedical!personnel)!and!issues!
pertaining! to! quality! of! stored! images! (59,! 60,! 160).! Moreover,! as! a! digital!
photography! system! requires! initial! capital! costs! (59),! it! is! important! to! assess!
whether!the!implementation!of!such!systems!is!costOeffective.!!
In!this!study,!based!on!the!cost!analysis! from!the!MoH’s!perspective,!DR!screening!
costs! per! patient! screened! per! year! was! estimated! at! £23! and! laser!
photocoagulation! treatment! costs! £114! per! patient! treated! per! year.! It! was! also!
highlighted!that!staff!costs!were!the!highest!cost!component!for!both!DR!screening!
and!treatment.!It!was!difficult!to!compare!the!cost!estimates!obtained!in!this!study!
with!published!figures!in!the!literature!due!to!differences!in!the!study!methodology,!
differences!in!types!of!resources!used!for!screening!and!the!different!ways!resources!
were! valued.! However,! in! a! UK! based! study! (88)! the! cost! of! DR! screening! (using!
ophthalmoscopy)!was!estimated!to!be!£289.!In!an!Italian!study!that!compared!costs!
of! three! different! screening! approaches,! screening! costs! ranged! from! £15! –! £21!
(converted!from!Italian!Liras)!per!patient!screened!per!year!(89).!Another!UK!study!
reported! that! it! will! cost! more! to! replace! an! opportunistic! screening! programme!
(using!ophthalmoscopy)!with! systematic! screening! (using! fundus!photography)! but!
will!result!in!more!cases!detected!(88).!In!addition,!other!studies!have!also!reported!
that!the!cost!of!the!imaging!system!(55)!and!training!costs(64)!needs!to!be!taken!into!
consideration!when!implementing!systematic!digital!fundus!photography!screening.!!
!
In!view!of!this,!it!is!recommended!that!a!COE!study!to!assess!the!costOeffectiveness!of!
replacing! the! existing! DR! screening! model! with! a! systematic! digital! fundus!
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photography! screening! model! be! conducted! before! considering! the! use! of! digital!
photography!system!in!Brunei.!!
!
• CostOeffectiveness!of!systematic!screening!programme!and!cost!of!blindness!!
!
In!this!study,!it!has!been!estimated!that!it!costs!the!MoH!£23!to!screen!a!patient!for!
DR! and! £114! to! treat! patients! with! STDR! based! on! the! existing! screening! and!
treatment! practices! outlined! in! section! 3.2.! Enhancements! such! as! digital!
photographic!system,!call!and!recall!system,!and!training!which!have!been!identified!
in!this!thesis!as!potential!ways!to!make!the!programme!more!systematic,!will!require!
additional!investments!from!the!MoH.!However,!the!provider!costs!of!DR!screening!
and! treatment! identified! in! this! study! constitute! only! a! part! of! the! evidence! to!
support!such!policy!decisions.!
!!
Clearly,!there!are!significant!benefits!from!prevention!of!blindness!–!both!in!terms!of!
economics!and!quality!of!life!of!those!affected!that!need!to!be!considered.!Research!
has! shown! lower! productivity! and! income! among! people! with! visual! impairment!
compared!to!those!without!visual!impairment!(161,162).!This!is!particularly!relevant!
to! DR,! as! the! dominant! cause! of! sight! loss! among! those! of! working! age! in! high!
income!settings! (163).!Studies!have!reported!that!mean!annual!expenses!per!blind!
patient!were! nearly! two! times! higher! than! a! nonOblind! patient! and! time! spent! by!
caregivers! to!support!a!visually! impaired!person! increased! from!5.8!hours/week!to!
almost!95!hours/week(164).!!
!
The!global!burden!of!disease!attributed!to!vision!disorders!has!increased!nearly!50%!
in!a!10!year!period!(1990O2010)(165).!This!has!placed!a!significant!economic!burden!
on!health!systems.!Studies!have!also!reported!global!direct!health!costs!associated!
to!prevent!blindness!over!a!10!year!period! (2011O2020)!was!estimated!at!US$!632!
billion! per! year(166).! Visual! impairment! and! blindness! have! been! associated! with!
significant!indirect!costs!such!as!productivity!losses!and!premature!mortality!(164).!!
!
The! cost! implications! highlighted! earlier! emphasises! on! the! need! to! deliver! costO
effective! interventions! to! ensure! that! resources! and! funding! for! public! health!
! 204!
programs!such!as!prevention!of!blindness!are!equitably!distributed.! ! ! Studies!have!
shown!the!positive!impact!of!eye!care!interventions!in!improving!the!quality!of!life!of!
patients! (167).! Systematic! DR! screening! has! been! shown! to! be! costOeffective! in!
several!high!income!countries!other(159).!Factors!such!as!prevalence!of!diabetes!and!
DR!(89,!92)!costs!associated!with!screening!and!treatment!(56,!92,!93),!utility!values!
(56,! 92)! and! screening! compliance! (56,! 94)! have! been! shown! to! influence! COE.! As!
these! factors! differ! significantly! from! one! setting! to! another,! these! study! findings!
cannot!be!extrapolated!to!Brunei!context.!Therefore,! it! is!recommended!that!a!COE!
study! of! DR! screening! to! be! conducted! in! Brunei.! Such! COE! studies!may! include! a!
comparison! of! shifting! DR! screening! from! the! existing! DR! screening! model! to! a!
systematic! screening!model! (that! incorporates! the!enhancements! identified! in! this!
study).!
Table!4(1!Gaps!in!the!existing!DR!screening!model!in!Brunei(Muara!
!
!
Recommended!criteria!for!developing!DR!screening!programme!
based!on!development!stage.!
Full!
systematic!
screening!!
(Reference!
standard)!
!
Brunei^
Muara!
Model!
!
Stage!1.!Access!to!effective!treatment!
1. Minimum!number!of!lasers!per!100,000!population! /! /!
2. Equal!access!for!all!patient!group! /! X!(RG)!
3. Maximum!time!from!diagnosis!to!treatment!time!(3!months)! /! /!
Stage!2.!Opportunistic!screening!
1. Dilated!funduscopy!at!time!of!attendance!for!routine!care! /! /!
2. Annual!review! /! /!
3. National!guidelines!on!referral!to!Ophthalmologists! /! /!
Stage!3.!Establish!systematic!screening!
1. Establish!and!maintain!disease!registers! /! P!
2. Systematic!call!and!recall!for!all!people!with!diabetes! /! X!(RG)!
3. Annual!screening! /! /!
4. Test!used!has!sensitivity!of!≥!80%!and!specificity!of!≥!90%! /! P!(RG)!
5. Screening!coverage!≥!80%! /! X!
Stage!4.!Full!systematic!screening!
1.!!100%!screening!coverage!! /! X!(RG)!
2.!!Quality!assurance!at!all!stages!of!screening! /! X!!
3.!!All!personnel!screening!certified!as!competent!! /! X!(RG)!
4.!!Central/regional!data!collection!for!monitoring!and!
measurement!of!effectiveness!!
/! X!
5.!!Digital!photographic!screening!! /! X!(RG)!
*!Key:!/!(!Criteria!fulfilled,!X!–!Not!fulfilled,!P!–!Partially!fulfilled,!RG!–!Research!gap.!
!
!
!
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!
Summary!
!
• DR!screening!model!in!BruneiOMuara!is!partially!systematic!
• Key!strengths!include!policies,!processes!and!resources!in!place!for!annual!follow!
up!DR! screening! that!was! evident! through! good! screening! uptake! and! low!DR!
prevalence!!!
• Key! challenges! included! lack! of! quality! assurance! and! poor! data! collection!
practices!as!barriers!towards!a!systematic!model!
• Evidence! needed! to! understand! in! screening! coverage,! access! to! treatment,!
training! needs,! implementation! of! a! call! and! recall! system! and! digital!
photography.!!
!
!
! !
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4.3! Study!limitations!
!
This!was!the!first!study!to!evaluate!the!DR!screening!programme!in!BruneiOMuara.!A!
mixed!method!approach!was!adopted!to!allow!a!comprehensive!assessment!of!the!
screening! programme.! The! ESCDRG! framework!was! used! to! discuss! result! findings!
and!to!make!key!policy!and!research!recommendations.!However,! in!making!these!
deductions,! several! study! limitations! have! been! acknowledged! and! will! now! be!
discussed!in!turn.!!
In! the! mapping! of! processes! and! resources! used! in! DR! screening! and! treatment,!
structured! interview! questionnaires! were! used.! In! this! study,! the! GPOinOcharge! at!
each! health! centre! was! purposively! selected! to! participate! instead! of! a! random!
selection!of! different!GPs! involved! at! all! health! centres.! This!was! to!maximise! the!
understanding! of! processes! at! each! health! centre.! However,! in! doing! so,! it! is!
recognised! that! the! responses!by! the!GPOinOcharge!may!not!be!generalisable! to!all!
GPs!and!thus,!mask!any!process!variations!at!GP!level.!!
Another! potential! limitation! was! in! the! use! of! structured! observations! to! map!
processes.! Prior! to! the! DrPH,! I! was! the! National! CoOordinator! for! Prevention! of!
Blindness! in!Brunei.! It!was!difficult! to!establish!whether!what!was!observed!during!
the! study! was! indeed! what! is! being! done! as! per! usual! practise.! However,! this!
‘reactive! effect’! (131)! was! kept! in! check! by! triangulating! findings! with! structured!
interview!questionnaire!responses.!!
In!estimating!the!screening!coverage!and!uptake!rates,!patient!attendance!data!and!
statistics! from! each! health! centre! records! were! accessed.! These! records! were!
handwritten! into! logbooks! and! entries! were! found! to! be! incomplete.! As! a! result,!
data!analysis!was!limited!to!a!three!month!period!only.!It!is!acknowledged!that!this!
time!period!may!not!be!representative!of!the!trend!for!the!whole!year.!However,!to!
assess! this! effect! on! screening! coverage,! the! best! available! data! for! two! health!
centres!(with!comparatively!more!entries)!were!used!to!estimate!screening!coverage!
rates!for!the!whole!year!and!similar!findings!were!obtained!(section!3.3.1).!However,!
it! remains!unclear!whether! similar! trends!apply! to!DR! screening!uptake!estimates.!
Poor! record! keeping! was! also! encountered! for! data! sources! used! to! estimate! DR!
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treatment!coverage!at! the!NEC.! In!addition,!access! to!patient!medical! records!was!
difficult! as! the! data! collection! period! coincided! with! the! implementation! of!
electronic!medical!records.!It!is!acknowledged!that!treatment!uptake!estimates!may!
be! significantly! affected! by! the! limited! data.! These! data! collection! gaps! were!
summarised!in!Figure!3O1.!
!
In! the! quantitative! analysis! of! DR! registry! data,! several! limitations! were!
acknowledged.!Firstly,!the!data!recorded!in!the!database!(DR!registry)!was!found!to!
be!incomplete.!Attempts!were!made!during!the!study!period!to!retrieve!some!of!the!
data!but! as!most!of! the! records! reported!wrong! identification! codes,! this!was!not!
possible.!Therefore,!as!a!result!several!entries!were!excluded!from!the!analysis.!This!
form!of!selection!bias!was!acknowledged!in!this!study.!Another!potential! limitation!
in!this!study!was!that!the!information!in!DR!registry!was!not!updated.!An!example!of!
this! was! DR! status.! The! DR! status! was! graded! based! on! fundus! finding! when! the!
patient!was!first!registered!and!the!DR!status!was!not!updated!on!subsequent!visits.!
This! form! of! misclassification! bias! was! also! acknowledged! in! this! study.! Another!
potential!limitation!acknowledged!in!this!study!was!measurement!bias.!For!example,!
there!is!potential!for!underOreporting!of!hypertension!in!the!registers!as!it!was!based!
on!selfOreporting!by!patients.!It!was!observed!during!screening!sessions!that!patients!
taking!hypertensive!medication!were!under! the! impression! that! that! they!were!no!
longer!hypertensive!after!being!told!by!their!GPs!that!their!blood!pressure!is!within!
normal!limits!with!medication.!!
!
In!the!costing!study,!access!and!availability!of!several!data!sources!was!limited.!As!a!
result,!proxy!units!of!costs!or!assumptions!were!made!to!value!costs.!For!example,!in!
the! absence! of! land! and! building! costs! of! clinics! used! for! screening,! standard!
construction! rates! were! used! to! calculate! annualised! rental! costs.! To! estimate!
shared!costs!(costs!for!services!shared!by!other!care!providers!within!the!same!clinic!
e.g.!medical!records,!cleaning!services,!etc.),!an!estimation!of!10%!of!total!building!
costs!were!used.!Although!these!practices!have!been!implemented!in!other!studies,!
it!is!acknowledged!that!it!may!affect!the!accuracy!of!the!valuation!of!the!costs!in!this!
study.!!
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5! Conclusion%and%recommendations! !
!
This! study! has! shown! that! the!DR! screening!model! in! the! BruneiOMuara! district! is!
partially!systematic.!Using!the!ESDRG!framework,!the!key!challenges!to!progress!the!
existing!screening!model!to!be!systematic!have!been!identified.!In!addition,!several!
policy! and! research! recommendations! have! been! discussed! and! proposed! in! the!
context!of!the!limitations!recognised!in!this!study.!The!summary!of!the!main!findings!
and!key!recommendations!for!each!study!objective!will!now!be!presented.!
!
I. To!identify!existing!screening,!grading!and!clinical!management!practices!and!
describe!the!organisation!of!the!diabetic!retinopathy!screening!programme!
!
Main!findings:!!
The!existing!DR!screening!model!consists!of!4!main!stages:!ascertainment!of!
diabetic! patients! at! PHCs,! GP! to! DR! screening! referral,! DR! screening! and!
grading!and!DR!treatment!stage.!Key!processes!and!policies!were!in!place!at!
each! stage.! However,! implementation! of! the! processes! was! hampered! by!
lack! of! standard! operating! procedures,! poor! data!management! and! lack! of!
systematic!approach!to!patient!education.!The!standardised!use!of!resources!
used! to! deliver! DR! screening! programmes! is! a! key! strength! of! the!
programme.!!
!
Recommendations:!
• Introduce! quality! assurance! initiatives! measures! (e.g.! assessing! interO
observer!agreement!between!graders!and!monitor!positive!predictive!value)!
for!continuous!monitoring!and!improvement!of!processes.!
• Mobilise!diabetic!and!ophthalmic!nurse!educators!to!implement!a!systematic!
patient!education!system!for!diabetes!and!DR!at!PHCs!and!at!the!NEC.!!
!
!
!
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II. To!estimate!the!DR!screening!coverage!and!the!uptake!of!DR!screening!and!
treatment!in!the!DR!screening!programme.!
!
Main!findings:!!
Screening!coverage!(GP!to!DR!screening!referral)!was!generally!low!across!all!
health!centres!(56%)!and!was!significantly!lower!amongst!younger!and!male!
patients.! DR! screening! was! good! (77%)! across! all! health! centres.! DR!
treatment! uptake! was! found! to! be! low! (31%).! Nonetheless,! STDR! patients!
were!found!to!receive!timely!treatment.!However,!these!findings!need!to!be!
interpreted!with!some!caution!given!the!poor!quality!of!data!sources!used!to!
derive!estimates.!!!!!
!
Recommendations:!
• Incorporate!screening!coverage!rates,!screening!uptake!rates,!treatment!
uptake! rate! and! introduce! referral! uptake! rates! as! key! performance!
indicators! to! be! reported! regularly! as! part! of! the! proposed! quality!
assurance!initiative!
• Improve! quality! of! data! collection! systems! by! integrating! DR! screening!
data! sources! into! the! electronic! medical! records! and! by! monitoring! of!
data!collection!as!part!of!the!proposed!quality!assurance!initiative!!
• To!conduct! studies! to! identify!patient!barriers! to!screening!at!PHCs!and!
treatment!at!the!NEC!
!
III. To!analyse!key! characteristics! and!clinical! findings!of!persons!attending! the!
DR!screening!programme!
!
! Main!findings:!!
!
The! prevalence! of!DR! in! Brunei!was! considerably! lower! compared! to! other!
regional! population! based! studies! despite! sharing! similar! risk! factors! for!
developing!DR,! such! as!having! type!1!diabetes,! longer!duration!of! diabetes!
and!high!levels!of!FBG!and!HBA1c.!However,!the!limitations!of!the!DR!registry!
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and!poor!data!recording!into!the!registry!were!acknowledged!as!factors!that!
may!affect!the!estimated!prevalence.!
!
Recommendations:!
• Dialogue!with!BruOHIMS!service!provider! to! integrate!electronic!medical!
records!and!DR!registry!
• Formal! training! of! ophthalmic! personnel! on! the! use! of! DR! registry! and!
DER!forms!based!on!the!REPAS!grading!
!
IV. To! estimate! the! costs! per! person! associated! with! the! screening! and!
treatment!of!DR!!
!
Main!findings:!
It! was! estimated! in! this! study! that! it! costs! the!Ministry! of! Health! £23! per!
!person! to! screen! and! £114! per! person! to! treat! STDR! with! laser!
!photocoagulation! the! BruneiOMuara! district.! The!majority! of! the! estimated!
costs!were!due! to! staff! costs.!However,! cost! data! alone! are! insufficient! for!
making!policy!about!the!DR!programme.!A!COE!study!is!needed!to!determine!
whether! a! shift! from! the! existing! model! to! an! enhanced! more! systematic!
model!(identified!in!this!study)!will!be!costOeffective.!!!
!
Recommendations:!
• Cost! effectiveness! study! to! compare! the! existing! DR! screening! model!
with!the!proposed!enhanced!DR!screening!model!!
!
V. To! explore! the! perceived! strength! and! weaknesses! of! the! DR! screening!
programme! and! opportunities! for! enhancing! the! programme! from! the!
provider!perspective!
!
!
!
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Main!findings:!!
There! is! a! discrepancy! between! stakeholders’! expectations! and!
implementation! of! the! programme.! The! factors! contributing! to! this! gap!
include! lack! of! linear! structure! for! screening,! poor! administration,! lack! of!
communication!between!professionals! and!departments,! and! lack!of!health!
education!(in!diabetes!and!DR!screening)!by!providers.!
! Recommendations:!
• Dialogue! between! key! stakeholders! as! a! platform! to! address!
administrative! issues,! clarifying! DR! screening! policy! objectives! and! to!
promote!communication.!
• Conduct!a!patient!satisfaction!survey!to!understand!patient’s!perspective!
of!DR!screening!experience!in!BruneiOMuara!district.!
!
! !
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! !
! 212!
References:!
1.  Paul A. Sabatier. Theories of the Policy Process, Second Edition. [Internet]. 2nd ed. Westview 
Press; 2007 [cited 2014 Dec 17]. 352 p. Available from: http://www.amazon.com/Theories-
Policy-Process-Second-Edition/dp/0813343593 
2.  Walt G, Gilson L. Review article Reforming the health sector in developing countries!: the 
central role of policy analysis. 1994;9(4):353–70.  
3.  Walt G, Shiffman J, Schneider H, Murray SF, Brugha R, Gilson L. “Doing” health policy 
analysis: methodological and conceptual reflections and challenges. Health Policy Plan 
[Internet]. Oxford University Press; 2008 Sep [cited 2014 Jul 9];23(5):308–17. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18701552 
4.  Jr RW, Peters T, Phillips J. Structure is not organization. Bus Horiz [Internet]. 1980 [cited 
2014 Dec 22];14–26. Available from: 
http://www.sciencedirect.com/science/article/pii/0007681380900270 
5.  Briggs I. Myers-Briggs Type Indicator (MBTI). New York [Internet]. 1985;60:2–5. Available 
from: 
http://go.galegroup.com.miman.bib.bth.se/ps/retrieve.do?sgHitCountType=None&sort=RELE
VANCE&inPS=true&prodId=GVRL&userGroupName=blekinge&tabID=T003&searchId=R1
&resultListType=RESULT_LIST&contentSegment=&searchType=BasicSearchForm&current
Position=1&contentSet=GALE 
6.  Boyle GJ. Myers-Briggs Type Indicator ( MBTI ): Some Psychometric Limitations. Rev Lit 
Arts Am [Internet]. 1995;30:71–71. Available from: 
http://epublications.bond.edu.au/cgi/viewcontent.cgi?article=1026&amp;amp;context=hss_pub
s 
7.  Goleman D. Working with Emotional Intelligence. Futurist [Internet]. 1998;33:14. Available 
from: http://km.kompasgramedia.com/upload/kcorner/kcorner-46439508248c8d19fd7f23.pdf 
8.  Federation. ID. IDF Diabetes Atlas [Internet]. 5th edn. Brussels, Belgium.: International 
Diabetes Federation.; 2011. Available from: http://www.idf.org/diabetesatlas 
9.  Alberti KGMM, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and 
its complications. Part 1: diagnosis and classification of diabetes mellitus. Provisional report of 
a WHO Consultation. Diabet Med [Internet]. John Wiley & Sons, Ltd.; 1998;15(7):539–53. 
Available from: http://dx.doi.org/10.1002/(SICI)1096-9136(199807)15:7<539::AID-
DIA668>3.0.CO;2-S 
10.  Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BEK. The Wisconsin Epidemiologic Study 
of Diabetic Retinopathy XXII. The Twenty-Five-Year Progression of Retinopathy in Persons 
with Type 1 Diabetes. Ophthalmology. 2008;115:1859–68.  
11.  Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the 
prevalence of diabetes for 2011 and 2030. Diabetes Res Clin Pract [Internet]. Elsevier Ireland 
Ltd; 2011 Dec [cited 2012 Nov 4];94(3):311–21. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22079683 
12.  Yau JWY, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global 
Prevalence and Major Risk Factors of Diabetic Retinopathy. Diabetes Care [Internet]. 2012 
Mar 1;35(3):556–64. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3322721&tool=pmcentrez&rendert
ype=abstract 
! 213!
13.  Pascolini D, Mariotti SP. Global estimates of visual impairment: 2010. Br J Ophthalmol 
[Internet]. 2012 May [cited 2012 Oct 11];96(5):614–8. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22133988 
14.  Klein R. The Wisconsin Epidemiologic Study of Diabetic Retinopathy<subtitle>XIV. Ten-
Year Incidence and Progression of Diabetic Retinopathy</subtitle>. Arch Ophthalmol 
[Internet]. 1994 Sep 1 [cited 2013 Mar 7];112(9):1217. Available from: 
http://archopht.jamanetwork.com/article.aspx?articleid=640831 
15.  Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BEK. The Wisconsin Epidemiologic Study 
of Diabetic Retinopathy XXIII: the twenty-five-year incidence of diabetic retinopathy in 
persons with type 1 diabetes. Ophthalmology [Internet]. 2009 Mar [cited 2013 Mar 
2];116(3):497–503. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2693093&tool=pmcentrez&rendert
ype=abstract 
16.  Klein R Moss SE, Davis MD, DeMets DL KBK, Klein R, Klein BE, Moss SE, Davis MD, 
DeMets DL. The Wisconsin epidemiologic study of diabetic retinopathy. II. Prevalence and 
risk of diabetic retinopathy when age at diagnosis is less than 30 years. Arch Ophthalmol 
[Internet]. 1984 Apr 1 [cited 2013 Mar 7];102(4):520–6. Available from: 
http://www.epi.ophth.wisc.edu/biblio/wisconsin-epidemiologic-study-diabetic-retinopathy-ii-
prevalence-and-risk-diabetic 
17.  Klein R Moss SE, Davis MD, DeMets DL KBK, Klein R, Klein BEK, Moss SE, Davis MD, 
DeMets DL. The Wisconsin Epidemiologic Study of Diabetic Retinopathy: III. Prevalence and 
Risk of Diabetic Retinopathy When Age at Diagnosis Is 30 or More Years. Arch Ophthalmol 
[Internet]. 1984 Apr 1 [cited 2013 Mar 2];102(4):520–6. Available from: 
http://archopht.jamanetwork.com/article.aspx?articleid=635007 
18.  Klein R, Klein BE, Moss SE, Cruickshanks KJ. Relationship of hyperglycemia to the long-
term incidence and progression of diabetic retinopathy. [Internet]. Arch Intern Med 1994. 
Available from: http://www.epi.ophth.wisc.edu/biblio/relationship-hyperglycemia-long-term-
incidence-and-progression-diabetic-retinopathy 
19.  The Diabetes Control And Complications Trial. The effect of intensive treatment of diabetes on 
development and progression of long term complications in insulin dependent diabetes melitus. 
N Engl J Med. 1993;329(14):977–86.  
20.  UKPDS. Intensive blood-glucose control with sulphonylureas or insulin compared with 
conventional treatment and risk of complications in patients with type 2 diabetes ( UKPDS 33 
). Lancet. 1998;352:837–53.  
21.  Adler AI. Association of systolic blood pressure with macrovascular and microvascular 
complications of type 2 diabetes (UKPDS 36): prospective observational study. BMJ [Internet]. 
2000 Aug 12 [cited 2013 Mar 7];321(7258):412–9. Available from: 
http://www.bmj.com/content/321/7258/412 
22.  Klein R, Klein BE, Moss SE, Cruickshanks KJ. The Wisconsin Epidemiologic Study of 
Diabetic Retinopathy: XVII. The 14-year incidence and progression of diabetic retinopathy and 
associated risk factors in type 1 diabetes. Ophthalmology [Internet]. 1998 Oct [cited 2013 Mar 
7];105(10):1801–15. Available from: http://www.epi.ophth.wisc.edu/biblio/wisconsin-
epidemiologic-study-diabetic-retinopathy-xvii-14-year-incidence-and-progression 
23.  UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular 
and microvascular complications in type 2 diabetes: UKPDS 38. BMJ [Internet]. 1998 Sep 12 
[cited 2013 Mar 7];317(7160):703–13. Available from: 
http://www.bmj.com/content/317/7160/703 
! 214!
24.  Xie XW, Xu L, Wang YX, Jonas JB. Prevalence and associated factors of diabetic retinopathy. 
The Beijing Eye Study 2006. Graefes Arch Clin Exp Ophthalmol Albr von Graefes Arch fur 
Klin und Exp Ophthalmol [Internet]. 2008;246(11):1519–26. Available from: 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&li
st_uids=18604548 
25.  Wong TY, Cheung N, Tay WT, Wang JJ, Aung T, Saw SM, et al. Prevalence and risk factors 
for diabetic retinopathy: the Singapore Malay Eye Study. Ophthalmology [Internet]. 2008 Nov 
[cited 2012 May 29];115(11):1869–75. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18584872 
26.  Wong TY, Mwamburi M, Klein R, Larsen M, Flynn H, Hernandez-Medina M, et al. Rates of 
progression in diabetic retinopathy during different time periods: a systematic review and 
meta-analysis. Diabetes Care [Internet]. 2009 Dec [cited 2012 Jul 15];32(12):2307–13. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2782996&tool=pmcentrez&rendert
ype=abstract 
27.  Rein DB, Zhang P, Wirth KE, Lee PP, Hoerger TJ, McCall N, et al. The economic burden of 
major adult visual disorders in the United States. Arch Ophthalmol. 2006;124:1754–60.  
28.  Heintz E, Wiréhn A-B, Peebo BB, Rosenqvist U, Levin L-AÅ, Wirehn AB. Prevalence and 
healthcare costs of diabetic retinopathy: A population-based register study in Sweden. 
Diabetologia [Internet]. 2010;53(10):2147–54. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/20596693 
29.  Brunei Darussalam Population Census 2011 [Internet]. 2011. Bandar Seri Begawan; 2011. 
Available from: http://www.depd.gov.bn/projects/BPP/Report on BPP 2011 - Demographic 
Characteristics.pdf 
30.  Mitchell P, Smith W, Wang JJ, Attebo K. Prevalence of diabetic retinopathy in an older 
community. The Blue Mountains Eye Study. Ophthalmology [Internet]. 1998;105(3):406–11. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/9499768 
31.  Wang FH, Liang YB, Zhang F, Wang JJ, Wei W Bin, Tao QS, et al. Prevalence of diabetic 
retinopathy in rural China: the Handan Eye Study. Ophthalmology [Internet]. American 
Academy of Ophthalmology; 2009;116(3):461–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19168222 
32.  Rema M, Premkumar S, Anitha B, Deepa R, Pradeepa R, Mohan V. Prevalence of diabetic 
retinopathy in urban India: the Chennai Urban Rural Epidemiology Study (CURES) eye study, 
I. Invest Ophthalmol Vis Sci [Internet]. ARVO; 2005;46(7):2328–33. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15980218 
33.  Klein R, Klein BE, Moss SE, Linton KL. The Beaver Dam Eye Study. Retinopathy in adults 
with newly discovered and previously diagnosed diabetes mellitus. Ophthalmology [Internet]. 
1992;99(1):58–62. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1741141 
34.  Wilkinson CP, Ferris FL, Klein RE, Lee PP, Agardh CD, Davis M, et al. Proposed 
international clinical diabetic retinopathy and diabetic macular edema disease severity scales. 
Nippon Ganka Gakkai Zasshi Acta Soc Ophthalmol Jpn [Internet]. Elsevier; 2003 Sep [cited 
2013 Mar 6];110(9):1677–82. Available from: http://www.ncbi.nlm.nih.gov/pubmed/13129861 
35.  Mohamed Q, Gillies MC, Wong TY. Management of diabetic retinopathy: a systematic review. 
JAMA [Internet]. American Medical Association; 2007 Aug 22 [cited 2014 Apr 
28];298(8):902–16. Available from: 
http://jama.jamanetwork.com/article.aspx?articleid=208502 
! 215!
36.  Group. TDRSR. Photocoagulation treatment of proliferative diabetic retinopathy. 
Ophthalmology. 1978;(85):82–106.  
37.  The Diabetic Retinopathy Study Research Group. Photocoagulation treatment of proliferative 
diabetic retinopathy: clinical application of Diabetic Retinopathy Study (DRS) findings, DRS 
Report Number 8. Ophthalmology [Internet]. 1981;88(7):583–600. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/7196564 
38.  Photocoagulation for diabetic macular edema. Early Treatment Diabetic Retinopathy Study 
report number 1. Early Treatment Diabetic Retinopathy Study research group. Arch 
Ophthalmol [Internet]. 1985 Dec [cited 2015 Feb 16];103(12):1796–806. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/2866759 
39.  The diabetic retinopathy vitrectomy study research group. Early vitrectomy for severe vitreous 
hemorrhage in diabetic retinopathy: Two-year results of a randomized trial diabetic retinopathy 
vitrectomy study report 2 the diabetic retinopathy vitrectomy study research group. Arch 
Ophthalmol [Internet]. 1985;103(11):1644–52. Available from: 
http://dx.doi.org/10.1001/archopht.1985.01050110038020 
40.  Virgili G, Parravano M, Menchini F, Evans JR. Anti-vascular endothelial growth factor for 
diabetic macular oedema. Cochrane database Syst Rev [Internet]. 2014 Jan [cited 2015 May 
22];10:CD007419. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25342124 
41.  Régnier S, Malcolm W, Allen F, Wright J, Bezlyak V. Efficacy of anti-VEGF and laser 
photocoagulation in the treatment of visual impairment due to diabetic macular edema: a 
systematic review and network meta-analysis. PLoS One [Internet]. 2014 Jan [cited 2015 May 
19];9(7):e102309. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4100770&tool=pmcentrez&rendert
ype=abstract 
42.  Martinez-Zapata MJ, Martí-Carvajal AJ, Solà I, Pijoán JI, Buil-Calvo JA, Cordero JA, et al. 
Anti-vascular endothelial growth factor for proliferative diabetic retinopathy. Cochrane 
database Syst Rev [Internet]. 2014 Jan [cited 2015 May 21];11:CD008721. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/25418485 
43.  Evans JR, Michelessi M, Virgili G. Laser photocoagulation for proliferative diabetic 
retinopathy. Cochrane database Syst Rev [Internet]. 2014 Jan [cited 2015 May 
25];11:CD011234. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25420029 
44.  Jain A, Varshney N, Smith C. The evolving treatment options for diabetic macular edema. Int J 
Inflam [Internet]. 2013 Jan [cited 2015 May 19];2013:689276. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3782842&tool=pmcentrez&rendert
ype=abstract 
45.  Chew EY, Ambrosius WT, Davis MD, Danis RP, Gangaputra S, Greven CM, et al. Effects of 
medical therapies on retinopathy progression in type 2 diabetes. N Engl J Med. 2010;363:233–
44.  
46.  Committee UNS. The UK National Screening Policy on Diabetic Retinopathy Screening in 
adults. [Internet]. UK National Screening Committee. [cited 2013 Jan 31]. Available from: 
http://www.screening.nhs.uk/diabeticretinopathy 
47.  Raffle AE, Gray JAM. Screening!: Evidence and practice Abstract and Keywords. 
2007;(January 2014):1–24.  
48.  Public Health England. UK Screening Portal Home Page [Internet]. [cited 2014 Dec 18]. 
Available from: http://www.screening.nhs.uk/ 
! 216!
49.  Screening DR, Clinic O. The Royal College of Ophthalmologists Preferred Practice Guidance 
September 2010. 2010;(September):1–18.  
50.  Miles A, Cockburn J, Smith RA, Wardle J. A perspective from countries using organized 
screening programs. Cancer. 2004;101(5 Suppl):1201–13.  
51.  Wilson JM, Jungner YG. Principles and practice of screening for disease. WHO Heal Bull 
[Internet]. 1968 Oct;65(4):281–393. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/1875838 
52.  Bachmann MO, Nelson SJ. Impact of diabetic retinopathy screening on a British district 
population: case detection and blindness prevention in an evidence-based model. J Epidemiol 
Community Health [Internet]. 1998 Jan [cited 2013 Mar 8];52(1):45–52. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1756614&tool=pmcentrez&rendert
ype=abstract 
53.  Arun CS, Ngugi N, Lovelock L, Taylor R. Effectiveness of screening in preventing blindness 
due to diabetic retinopathy. Diabet Med [Internet]. Wiley-Blackwell; 2003 Mar [cited 2013 
Mar 8];20(3):186–90. Available from: http://doi.wiley.com/10.1046/j.1464-5491.2003.t01-1-
00899.x 
54.  Gudmundsson J, Kristinsson J, Stefansson E. Systematic Screening for Diabetic Eye Disease 
25 Year Experience in Iceland. ARVO Meet Abstr [Internet]. 2002 Dec 1 [cited 2014 Nov 
30];43(12):4385. Available from: http://abstracts.iovs.org/cgi/content/abstract/43/12/4385 
55.  Facey K, Cummins E, Macpherson K, Morris A, Reay L, Slattery J. Organisation of Services 
for Diabetic Retinopathy Screening. Glasgow: Health Technology Board for Scotland, 2002:1-
224.   
56.  IAPB Standard Equipment List Supplement for DR Essential Equipment List. 2014; March 
2014.  
57.  Garvican L, Scanlon PH. A pilot quality assurance scheme for diabetic retinopathy risk 
reduction programmes. Diabet Med [Internet]. 2004 Oct [cited 2012 Apr 23];21(10):1066–74. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15384952 
58.  Scanlon P. Diabetic Retinopathy Screening: Progress or Lack of Progress. In: Tombran-Tink J, 
Barnstable CJ, Gardner TW, editors. Ophthalmology Research: Visual Dysfunction in Diabetes 
[Internet]. New York, NY: Springer New York; 2012 [cited 2013 Feb 8]. Available from: 
http://www.springerlink.com/index/10.1007/978-1-60761-150-9 
59.  Stefánsson E. Man versus machine: is technology a blessing or a barrier in screening for 
diabetic eye disease? Acta Ophthalmol Scand [Internet]. 2004 Dec [cited 2013 Mar 
9];82(6):643–4. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15606457 
60.  De Savigny, Don, and Taghreed Adam. Systems thinking for health systems strengthening. 
World Health Organization, 2009. 
61.  CHAPTER 2 Diabetic retinopathy in Iceland. Acta Ophthalmol Scand [Internet]. 2009 May 29 
[cited 2014 Nov 30];75(S223):17–9. Available from: http://doi.wiley.com/10.1111/j.1600-
0420.1997.tb00429.x 
62.  Mak DB, Plant AJ, McAllister I. Screening for Diabetic Retinopathy in Remote Australia: A 
Program Description and Evaluation of a Devolved Model. Aust J Rural Health [Internet]. 
2003 Oct 18 [cited 2014 May 13];11(5):224–30. Available from: 
http://doi.wiley.com/10.1111/j.1440-1584.2003.00524.x 
! 217!
63.  Kaur H, Maberley D, Chang A, Hay D. The current status of diabetes care, diabetic retinopathy 
screening and eye-care in British Columbia’s First Nations Communities. Int J Circumpolar 
Health [Internet]. 2004 Mar 18 [cited 2014 May 13];63(3). Available from: 
http://www.circumpolarhealthjournal.net/index.php/ijch/article/view/17737 
64.  Peto T, Tadros C. Screening for diabetic retinopathy and diabetic macular edema in the United 
Kingdom. Curr Diab Rep [Internet]. 2012 Aug [cited 2013 Jan 31];12(4):338–45. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/22729994 
65.  Georgievski Z, Koklanis K, Fenton A, Koukouras I. Victorian orthoptists’ performance in the 
photo evaluation of diabetic retinopathy. Clin Experiment Ophthalmol [Internet]. 2007 Nov 
[cited 2012 Apr 23];35(8):733–8. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17997777 
66.  Swanson M. Retinopathy screening in individuals with type 2 diabetes: who, how, how often, 
and at what cost--an epidemiologic review. Optometry [Internet]. 2005 Nov;76(11):636–46. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/16298316 
67.  Andonegui J, Zurutuza A, de Arcelus MP, Serrano L, Eguzkiza A, Auzmendi M, et al. Diabetic 
retinopathy screening with non-mydriatic retinography by general practitioners: 2-year results. 
Prim Care Diabetes [Internet]. 2012 Oct [cited 2014 May 9];6(3):201–5. Available from: 
http://www.sciencedirect.com/science/article/pii/S1751991812000022 
68.  Patra S, Gomm EMW, Macipe M, Bailey C. Interobserver agreement between primary graders 
and an expert grader in the Bristol and Weston diabetic retinopathy screening programme: a 
quality assurance audit. Diabet Med [Internet]. 2009 Aug [cited 2012 Apr 23];26(8):820–3. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19709153 
69.  Bragge P, Gruen RL, Chau M, Forbes A, Taylor HR, Bragge P Chau M, Forbes A, Taylor HR 
GRL. Screening for presence or absence of diabetic retinopathy: a meta-analysis. Arch 
Ophthalmol [Internet]. American Medical Association; 2011 Apr 11 [cited 2013 Feb 
5];129(4):435–44. Available from: 
http://archopht.jamanetwork.com/article.aspx?articleid=427137 
70.  Harding, S. P., Broadbent, D. M., Neoh, C., White, M. C., & Vora, J. (1995). Sensitivity and 
specificity of photography and direct ophthalmoscopy in screening for sight threatening eye 
disease: the Liverpool Diabetic Eye Study. Bmj, 311(7013), 1131-1135. 
71.  Kalm H, Egertsen R, Blohmé G. Non-stereo fundus photography as a screening procedure for 
diabetic retinopathy among patients with type II diabetes. Acta Ophthalmol [Internet]. 2009 
May 27 [cited 2014 Sep 5];67(5):546–53. Available from: http://doi.wiley.com/10.1111/j.1755-
3768.1989.tb04106.x 
72.  IAPB Standard Equipment List for DR March 2014 [Internet]. [cited 2014 Sep 5]. Available 
from: http://www.iapb.org/sites/iapb.org/files/IAPB Standard Equipment List for DR_March 
2014.pdf 
73.  Vargas-Sánchez C, Maldonado-Valenzuela JJ, Pérez-Durillo FT, González-Calvo J, Pérez-
Milena A. Coverage and results of a screening program for diabetic retinopathy using 
mydriatic retinography in primary health care. Salud Publica Mex [Internet]. 2011;53(3):212–
9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21829886 
74.  Okoli U, Mackay K. An evaluation of diabetic retinopathy screening models. J Public Health 
(Bangkok) [Internet]. 2002 Sep 1 [cited 2014 May 13];24(3):190–5. Available from: 
http://jpubhealth.oxfordjournals.org/content/24/3/190.short 
! 218!
75.  Hulme, S. A., Tin‐U, A., Hardy, K. J., & Joyce, P. W. (2002). Evaluation of a district‐wide 
screening programme for diabetic retinopathy utilizing trained optometrists using slit‐lamp and 
Volk lenses. Diabetic medicine, 19(9), 741-745. 
76.  Warburton TJ, Hale PJ, Dewhurst JA. Evaluation of a local optometric diabetic retinopathy 
screening service. Diabet Med [Internet]. 2004 Jun [cited 2014 May 13];21(6):632–5. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15154953 
77.  Beynat J, Charles A, Astruc K, Metral P, Chirpaz L, Bron A-M, et al. Screening for diabetic 
retinopathy in a rural French population with a mobile non-mydriatic camera. Diabetes Metab 
[Internet]. 2009 Feb [cited 2014 Jun 19];35(1):49–56. Available from: 
http://www.sciencedirect.com/science/article/pii/S1262363608002279 
78.  Massin, P., Aubert, J. P., Eschwege, E., Erginay, A., Bourovitch, J. C., BenMehidi, A., ... & 
Marre, M. (2005). Evaluation of a screening program for diabetic retinopathy in a primary care 
setting Dodia (Dépistage ophtalmologique du diabète) study. Diabetes & metabolism, 31(2), 
153-162. 
79.  Jyothi S, Elahi B, Srivastava A, Poole M, Nagi D, Sivaprasad S. Compliance with the quality 
standards of National Diabetic Retinopathy Screening Committee. Prim Care Diabetes 
[Internet]. 2009 May [cited 2014 May 13];3(2):67–72. Available from: 
http://www.sciencedirect.com/science/article/pii/S1751991809000436 
80.  Herbert HM, Jordan K, Flanagan DW. Is screening with digital imaging using one retinal view 
adequate? Eye (Lond) [Internet]. 2003 May [cited 2014 Sep 5];17(4):497–500. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/12802350 
81.  Raman, R., Rani, P. K., Mahajan, S., Paul, P., Gnanamoorthy, P., Krishna, M. S., & Sharma, T. 
(2007). The Tele-Screening Model for Diabetic Retinopathy: Evaluating the Influence of 
Mydriasis on the Gradability of a Single-Field 45° Digital Fundus Image. Telemedicine and e-
Health, 13(5), 597-602. 
82.  Agrawal A, McKibbin MA. Technical failure in photographic screening for diabetic 
retinopathy. Diabet Med [Internet]. Blackwell Publishing Ltd.; 2003 Sep 1;20(9):777. 
Available from: http://dx.doi.org/10.1046/j.1464-5491.2003.01032.x 
83.  Diamond JP, McKinnon M, Barry C, Geary D, McAllister IL, House P, et al. Non-mydriatic 
fundus photography: A viable alternative to fundoscopy for identification of diabetic 
retinopathy in an Aboriginal population in rural Western Australia? Aust N Z J Ophthalmol 
[Internet]. 1998 May [cited 2014 Sep 5];26(2):109–15. Available from: 
http://doi.wiley.com/10.1111/j.1442-9071.1998.tb01525.x 
84.  Scanlon, P. H., Malhotra, R., Thomas, G., Foy, C., Kirkpatrick, J. N., Lewis‐Barned, N., ... & 
Aldington, S. J. (2003). The effectiveness of screening for diabetic retinopathy by digital 
imaging photography and technician ophthalmoscopy. Diabetic medicine, 20(6), 467-474. 
85.  Smiddy, W. E. (2012). How will the digital age enhance the evaluation of diabetic 
retinopathy?. American journal of ophthalmology, 154(3), 425-426. 
86.  Basu a., Kamal a. D, Illahi W, Khan M, Stavrou P, Ryder REJ. Is digital image compression 
acceptable within diabetic retinopathy screening? Diabet Med [Internet]. 2003 Aug 
19;20(9):766–71. Available from: http://doi.wiley.com/10.1046/j.1464-5491.2003.01022.x 
87.  Stefánsson E, Bek T, Porta M, Larsen N, Kristinsson JK, Agardh E. Screening and prevention 
of diabetic blindness. Acta Ophthalmol Scand [Internet]. 2000 Aug [cited 2014 Nov 
30];78(4):374–85. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10990036 
! 219!
88.  James M, Turner D a, Broadbent DM, Vora J, Harding SP. Cost effectiveness analysis of 
screening for sight threatening diabetic eye disease. BMJ [Internet]. 2000 Jun 
17;320(7250):1627–31. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=27406&tool=pmcentrez&rendertyp
e=abstract 
89.  Porta, M., Rizzitiello, A., Tomalino, M., Trento, M., Passera, P., Minonne, A., ... & Molinatti, 
G. M. (2008). Comparison of the cost-effectiveness of three approaches to screening for and 
treating sight-threatening diabetic retinopathy. 
90.  Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the 
Economic Evaluation of Health Care Programmes. Oxford University Press, USA; 2005. 396 
p.  
91.  Rachapelle S, Legood R, Alavi Y, Lindfield R, Sharma T, Kuper H, et al. The Cost-Utility of 
Telemedicine to Screen for Diabetic Retinopathy in India. Ophthalmology [Internet]. American 
Academy of Ophthalmology; 2012 Dec 1 [cited 2013 Feb 11];1–8. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23211635 
92.  Tung T-H, Shih H-C, Chen S-J, Chou P, Liu C-M, Liu J-H. Economic Evaluation of Screening 
for Diabetic Retinopathy among Chinese Type 2 Diabetics: A Community-based Study in 
Kinmen, Taiwan. J Epidemiol [Internet]. 2008 [cited 2013 Jul 14];18(5):225–33. Available 
from: http://joi.jlc.jst.go.jp/JST.JSTAGE/jea/JE2007439?from=CrossRef 
93.  Palmer a J, Weiss C, Sendi PP, Neeser K, Brandt a, Singh G, et al. The cost-effectiveness of 
different management strategies for type I diabetes: a Swiss perspective. Diabetologia 
[Internet]. 2000 Jan;43(1):13–26. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/10672449 
94.  Morris AD, Boyle DI, MacAlpine R, Emslie-Smith A, Jung RT, Newton RW, et al. The 
diabetes audit and research in Tayside Scotland (darts) study: electronic record linkage to 
create a diabetes register. BMJ [Internet]. 1997 Aug 30 [cited 2014 May 13];315(7107):524–8. 
Available from: http://www.bmj.com/content/315/7107/524 
95.  Scanlon PH, Provins EK, Craske S, Chave SJ, Aldington SJ, Martin CN, et al. Updating 
diabetic retinopathy screening lists using automatic extraction from GP patient records. J Med 
Screen [Internet]. 2013 Jan [cited 2014 Nov 30];20(3):111–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24064544 
96.  Wilson A, Baker R, Thompson J, Grimshaw G, Grimshawt G. Coverage in screening for 
diabetic retinopathy according to screening provision: results from a national survey in 
England and Wales. Diabet Med [Internet]. 2004 Mar [cited 2013 Jun 29];21(3):271–8. 
Available from: http://doi.wiley.com/10.1111/j.1464-5491.2004.01131.x 
97.  Craney L, Nagendran S, Harvey JN, Ng CS. Towards comprehensive population-based 
screening for diabetic retinopathy: operation of the North Wales diabetic retinopathy screening 
programme using a central patient register and various screening methods. J Med Screen 
[Internet]. SAGE Publications; 2006 Jan 1 [cited 2014 May 13];13(2):87–92. Available from: 
http://msc.sagepub.com/content/13/2/87.abstract 
98.  Millett C, Dodhia H. Diabetes retinopathy screening: audit of equity in participation and 
selected outcomes in South East London. J Med Screen [Internet]. SAGE Publications; 2006 
Jan 1 [cited 2014 May 13];13(3):152–5. Available from: 
http://msc.sagepub.com/content/13/3/152.abstract 
99.  Kanavos, P., van den Aardweg, S., & Schurer, W. (2012). Diabetes expenditure, burden of 
disease and management in 5 EU countries. 2012. London School of Economics. 
! 220!
100.  Screening for Diabetic Retinopathy in Europe 15 years after the St. Vincent Declaration. The 
Liverpool Declaration 2005.  
101.  Aspelund T, Thornórisdóttir O, Olafsdottir E, Gudmundsdottir a, Einarsdóttir a B, Mehlsen J, 
et al. Individual risk assessment and information technology to optimise screening frequency 
for diabetic retinopathy. Diabetologia [Internet]. 2011 Oct [cited 2013 Jan 31];54(10):2525–32. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21792613 
102.  Mehlsen J, Erlandsen M, Poulsen PL, Bek T. Individualized optimization of the screening 
interval for diabetic retinopathy: a new model. Acta Ophthalmol [Internet]. 2010;1–6. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20384605 
103.  Buse K, Mays N, Walt G. Making health policy. McGraw-Hill International; 2012.  
104.  Chakrabarti R, Harper CA, Keeffe JE. Diabetic retinopathy management guidelines. Expert 
Rev Ophthalmol [Internet]. 2012 Oct;7(5):417–39. Available from: http://www.expert-
reviews.com/doi/abs/10.1586/eop.12.52 
105.  Leese GP, Boyle P, Feng Z, Emslie-Smith A, Ellis JD. Screening uptake in a well-established 
diabetic retinopathy screening program: the role of geographical access and deprivation. 
Diabetes Care [Internet]. American Diabetes Association; 2008 Nov 1 [cited 2013 Sep 
16];31(11):2131–5. Available from: http://care.diabetesjournals.org/content/31/11/2131.short 
106.  Scanlon PH, Carter SC, Foy C, Husband RFA, Abbas J, Bachmann MO. Diabetic retinopathy 
and socioeconomic deprivation in Gloucestershire. J Med Screen [Internet]. SAGE 
Publications; 2008 Jan 1 [cited 2014 Sep 30];15(3):118–21. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18927093 
107.  Jepson, R., Clegg, A., Forbes, C., Lewis, R., Sowden, A., & Kleijnen, J. (2000). The 
determinants of screening uptake and interventions for increasing uptake: a systematic review. 
Health technology assessment (Winchester, England), 4(14), i.  
108.  Fraser SDS, Watkinson GE, Rennie CA, King D, Sanderson H, Edwards L, et al. 
Sociodemographic differences in diabetic retinopathy screening; using patient-level primary 
care data for health equity audit. Clin Audit. Dove Press; 2011;3:7–15.  
109.  Lewis K, Patel D, Yorston D, Charteris D. A qualitative study in the United Kingdom of 
factors influencing attendance by patients with diabetes at ophthalmic outpatient clinics. 
Ophthalmic Epidemiol [Internet]. 2007 [cited 2012 Jun 15];14(6):375–80. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18161611 
110.  Lindenmeyer A, Sturt JA, Hipwell A, Stratton IM, Al-Athamneh N, Gadsby R, et al. Influence 
of primary care practices on patients’ uptake of diabetic retinopathy screening: a qualitative 
case study. Br J Gen Pract [Internet]. 2014 Aug [cited 2014 Dec 15];64(625):e484–92. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4111341&tool=pmcentrez&rendert
ype=abstract 
111.  Will JC, German RR, Schuman E, Michael S, Kurth DM, Deeb L. Patient adherence to 
guidelines for diabetes eye care: results from the diabetic eye disease follow-up study. Am J 
Public Health [Internet]. American Public Health Association; 1994 Oct 7 [cited 2014 May 
13];84(10):1669–71. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1615103&tool=pmcentrez&rendert
ype=abstract 
112.  Hua W, Cao S, Cui J, Maberley D, Matsubara J. Analysis of reasons for noncompliance with 
laser treatment in patients of diabetic retinopathy. Can J Ophthalmol [Internet]. 2013 Apr [cited 
! 221!
2014 Sep 15];48(2):88–92. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3947385&tool=pmcentrez&rendert
ype=abstract 
113.  Early photocoagulation for diabetic retinopathy. ETDRS report number 9. Early Treatment 
Diabetic Retinopathy Study Research Group. [Internet]. Ophthalmology. 1991. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/2062512 
114.  Jingi AM, Noubiap JJN, Ellong A, Bigna JJR, Mvogo CE. Epidemiology and treatment 
outcomes of diabetic retinopathy in a diabetic population from Cameroon. BMC Ophthalmol 
[Internet]. BMC Ophthalmology; 2014 Jan [cited 2014 Sep 16];14(1):19. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3941950&tool=pmcentrez&rendert
ype=abstract 
115.  Bailey CC, Sparrow JM, Grey RH, Cheng H. The National Diabetic Retinopathy Laser 
Treatment Audit. II. Proliferative retinopathy. Eye (Lond) [Internet]. Royal College of 
Ophthalmologists; 1998 Jan [cited 2014 Sep 16];12 ( Pt 1)(1):77–84. Available from: 
http://dx.doi.org/10.1038/eye.1998.14 
116.  Looker HC, Nyangoma SO, Cromie DT, Olson JA, Leese GP, Black MW, et al. Rates of 
referable eye disease in the Scottish National Diabetic Retinopathy Screening Programme. Br J 
Ophthalmol [Internet]. 2014 Mar 5 [cited 2014 May 13];bjophthalmol – 2013–303948 – . 
Available from: http://bjo.bmj.com/content/early/2014/03/05/bjophthalmol-2013-303948.long 
117.  Blanchet K, Gilbert C, de Savigny D. Rethinking eye health systems to achieve universal 
coverage: the role of research. Br J Ophthalmol [Internet]. 2014 Jul 2 [cited 2014 Aug 11];1–4. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24990874 
118.  DEPARTMENT OF POLICY AND PLANNING. Health Information Booklet 
[Internet].Ministry of Health, Brunei; 2011. Available from: 
http://moh.gov.bn/satisticshealthguidelines/download/HIB_2012.pdf 
119.  Sabtu K. NON-COMMUNICABLE DISEASES POLICY DEVELOPMENT IN BRUNEI. 
OPA Report. London School of Hygiene and Tropical Medicine. 2012. 
120.  WHO. World Health Statistics 2013 [Internet]. World Health Organization; 2003. Available 
from: http://www.who.int/gho/publications/world_health_statistics/2013/en/ 
121.  Ministry of Health B. Health Promotion Blueprint 2011-2015 [Internet]. Brunei; 2011. 
Available from: http://www.moh.gov.bn/hpc/download/Annex 4 (Health Promotion Blueprint 
2011 - 2015).pdf 
122.  Department of Ophthalmology, Ministry of Health BD. Brunei National Programme for 
Prevention of Diabetic Blindness(BDPPDB): ten-year strategic plan (2011-2020). Brunei 
Darussalam; 2011.  
123.  Ministry of Health  - Negara Brunei Darussalam [Internet]. [cited 2013 Apr 5]. Available from: 
http://moh.gov.bn/satisticshealthguidelines/indicators.htm 
124.  Scriven M. Minimalist Theory: The Least Theory That Practice Requires. Am J Eval [Internet]. 
1998 Mar 1 [cited 2014 Dec 17];19(1):57–70. Available from: 
http://aje.sagepub.com/cgi/doi/10.1177/109821409801900105 
125.  (CDC) C for DC. - Program Evaluation – Evaluation Planning - Adolescent and School Health 
[Internet]. [cited 2014 Dec 17]. Available from: 
http://www.cdc.gov/healthyyouth/evaluation/evaluation_planning.htm 
! 222!
126.  Michael Quinn Patton. Utilization-Focused Evaluation [Internet]. 4th ed. SAGE Publications, 
Inc; [cited 2014 Dec 17]. Available from: http://www.amazon.com/Utilization-Focused-
Evaluation-Michael-Quinn-Patton/dp/141295861X 
127.  Logan S, Boutotte J, Wilce M, Etkind S. Using the CDC framework for program evaluation in 
public health to assess tuberculosis contact investigation programs. Int J Tuberc Lung Dis 
[Internet]. 2003 Dec [cited 2014 Sep 8];7(12 Suppl 3):S375–83. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/14677826 
128.  Rani PK, Raman R, Sharma V, Mahuli SV, Tarigopala A, Sudhir RR, et al. Analysis of a 
comprehensive diabetic retinopathy screening model for rural and urban diabetics in 
developing countries. Br J Ophthalmol [Internet]. 2007 Nov 1 [cited 2012 Oct 5];91(11):1425–
9. Available from: http://bjo.bmj.com/content/91/11/1425.short 
129.  Creuzot-Garcher C, Malvitte L, Sicard AC, Guillaubey A, Charles A, Beiss JN, et al. How to 
improve screening for diabetic retinopathy: the Burgundy experience. Diabetes Metab 
[Internet]. 2010 Apr [cited 2014 May 13];36(2):114–9. Available from: 
http://www.sciencedirect.com/science/article/pii/S1262363610000029 
130.  Creswell JW, Clark P. Designing and conducting mixed methods research. Thousand Oaks, 
CA: Sage; 2007.  
131.  Bryman A. Social Research Methods [Internet]. Walter M, editor. Annals of Physics. Oxford 
University Press; 2008. 748 p. Available from: 
http://books.google.co.uk/books?id=Pf4dPwAACAAJ 
132.  Adam T, Hsu J, de Savigny D, Lavis JN, Røttingen J-A, Bennett S. Evaluating health systems 
strengthening interventions in low-income and middle-income countries: are we asking the 
right questions? Health Policy Plan [Internet]. 2012 Oct [cited 2014 Jul 24];27 Suppl 4:iv9–19. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23014156 
133.  StataCorp. Stata Statistical Software: Release 10. College Station, TX: StataCorp LP.; 2007.  
134.  Ministry of Manpower S. Calculation of Salary - Ministry of Manpower [Internet]. [cited 2014 
Mar 31]. Available from: http://www.mom.gov.sg/employment-practices/employment-rights-
conditions/salary/Pages/calculation-salary.aspx 
135.  QSR International Pty Ltd. NVivo qualitative data analysis software; Version 10, 2012.  
136.  Glaser BG, Strauss AL. The discovery of grounded theory. Int J Qual Methods [Internet]. 
1967;5:1–10. Available from: http://www.ualberta.ca/~iiqm/backissues/5_1/pdf/mills.pdf 
137.  Charmaz K. The Grounded Theory Method: An Explication and Interpretation. Contemporary 
field research. 1983. p. 109–26.  
138.  Bazeley P. Qualitative Data Analysis with NVivo [Internet]. Sage Publications. 2007. 217 p. 
Available from: http://www.loc.gov/catdir/enhancements/fy0728/2006936346-d.html 
139.  Clinical Practice Guidelines Diabetes Mellitus.Ministry of Health. Brunei. 2007.  
140.  American Academy of Ophthalmology. Diabetic Retinopathy, Preferred Practice Pattern. 
[Internet]. American Academy of Ophthalmology. Diabetic Retinopathy, Preferred Practice 
Pattern. San Francisco, CA: American Academy of Ophthalmology; 2003. Available at: 
http://one.aao.org/CE/PracticeGu.... Accessed December 30, 2009. San Francisco, CA.; 2003. 
Available from: http://one.aao.org/CE/PracticeGu.... 
! 223!
141.  Dandona L, Dandona R. Revision of visual impairment definitions in the International 
Statistical Classification of Diseases. BMC Med. 2006;4:7.  
142.  European Conference On Screening For Diabetic Retinopathy [Internet]. [cited 2013 Mar 15]. 
Available from: http://www.drscreening2005.org.uk/index.html 
143.  Lim S, Naing L, Chong VH. Cholecystectomy rate following endoscopic biliary interventions. 
Brunei Int Med J [Internet]. 2012;8(4):166–72. Available from: 
http://www.bimjonline.com/PDF/Bimj 2012 Volume 8, Issue 4/166-172.pdf 
144.  Nagi DK, Gosden C, Walton C, Winocour PH, Turner B, Williams R, et al. A national survey 
of the current state of screening services for diabetic retinopathy: ABCD-diabetes UK survey 
of specialist diabetes services 2006. Diabet Med [Internet]. 2009 Dec [cited 2012 Mar 
9];26(12):1301–5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20002486 
145.  Legorreta AP, Hasan MM, Peters AL, Pelletier KR, Leung KM. An intervention for enhancing 
compliance with screening recommendations for diabetic retinopathy. A bicoastal experience. 
Diabetes Care [Internet]. 1997 Apr 1 [cited 2014 May 13];20(4):520–3. Available from: 
http://care.diabetesjournals.org/content/20/4/520.short 
146.  Puent BD, Nichols KK. Patients’ perspectives on noncompliance with Diabetic Retinopathy 
Standard of Care Guidelines. Optom - J Am Optom Assoc [Internet]. 2004 Nov [cited 2014 
May 13];75(11):709–16. Available from: 
http://www.sciencedirect.com/science/article/pii/S1529183904702237 
147.  Wong TY, Cheung N, Tay WT, Wang JJ, Aung T, Saw SM, et al. Prevalence and Risk Factors 
for Diabetic Retinopathy. The Singapore Malay Eye Study. Ophthalmology. 2008;115:1869–
75.  
148.  Olafsdóttir E, Stefánsson E. Biennial eye screening in patients with diabetes without 
retinopathy: 10-year experience. Br J Ophthalmol [Internet]. 2007 Dec [cited 2013 Jan 
31];91(12):1599–601. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2095544&tool=pmcentrez&rendert
ype=abstract 
149.  Chalk D, Pitt M, Vaidya B, Stein K. Can the retinal screening interval be safely increased to 2 
years for type 2 diabetic patients without retinopathy? Diabetes Care [Internet]. 2012 Aug 1 
[cited 2014 May 9];35(8):1663–8. Available from: 
http://care.diabetesjournals.org/content/35/8/1663.short 
150.  Scanlon PH, Carter S, Foy C, Ratiram D, Harney B. An evaluation of the change in activity 
and workload arising from diabetic ophthalmology referrals following the introduction of a 
community based digital retinal photographic screening programme. Br J Ophthalmol 
[Internet]. 2005 Aug 1 [cited 2014 May 13];89(8):971–5. Available from: 
http://bjo.bmj.com/content/89/8/971.short 
151.  Screening_KPI_Summary_Publication_v1. National Screening Committee. [Internet]. [cited 
2014 Sep 12]. Available from: http://diabeticeye.screening.nhs.uk/news.php 
152.  Mukamel BD, Bresnick HG, Wang Q, Dickey FC. Barriers to compliance with screening 
guidelines for diabetic retinopathy. Informa UK Ltd UK; 2009 Jul 8 [cited 2014 May 13]; 
Available from: http://informahealthcare.com/doi/abs/10.1076/opep.6.1.61.1563 
153.  Yau JWY, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global 
prevalence and major risk factors of diabetic retinopathy. Diabetes Care [Internet]. 
2012;35:556–64. Available from: 
! 224!
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3322721&tool=pmcentrez&rendert
ype=abstract 
154.  Bradlow J. Key Performance Indicators for Screening. 2014-15. UK National Screening 
Committee. 2014..  
155.  Clinician L, Executive C, Germany S. Scottish Diabetic Retinopathy Screening Programme 
Key Performance Indicators. 2010;(May 2009).  
156.  Babwah F, Baksh S, Blake L, Cupid-Thuesday J, Hosein I, Sookhai A, et al. The role of gender 
in compliance and attendance at an outpatient clinic for type 2 diabetes mellitus in Trinidad. 
Rev Panam Salud Pública. SciELO Public Health; 2006;19(2):79–84.  
157.  Sargeant LA, Simmons RK, Barling RS, Butler R, Williams KM, Prevost AT, et al. Who 
attends a UK diabetes screening programme? Findings from the ADDITION-Cambridge study. 
Diabet Med [Internet]. 2010 Sep [cited 2014 Sep 19];27(9):995–1003. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3428846&tool=pmcentrez&rendert
ype=abstract 
158.  Hutchinson a, McIntosh A, Peters J, O’Keeffe C, Khunti K, Baker R, et al. Effectiveness of 
screening and monitoring tests for diabetic retinopathy--a systematic review. Diabet Med 
[Internet]. 2000 Jul;17(7):495–506. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/10972578 
159.  Jones S, Edwards RT. Diabetic retinopathy screening: a systematic review of the economic 
evidence. Diabet Med a J Br Diabet Assoc [Internet]. 2010 Mar [cited 2012 Mar 
20];27(3):249–56. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20536486 
160.  Kirkpatrick JN, Scanlon P, Malhotra R, Harney B, Thomas G, Foy C, et al. Efficacy of Digital 
Diabetic Retinopathy Screening!: A Population Based Survey. ARVO Annu Meet Abstr Search 
Progr Plan. 2002;4387.  
161.  Kuper H, Polack S, Mathenge W, Eusebio C, Wadud Z, Rashid M, et al. Does Cataract Surgery 
Alleviate Poverty? Evidence from a Multi-Centre Intervention Study Conducted in Kenya, the 
Philippines and Bangladesh. PLoS One [Internet]. Public Library of Science; 2010 Nov 
9;5(11):e15431. Available from: http://dx.doi.org/10.1371%2Fjournal.pone.0015431 
162.  Danquah L, Kuper H, Eusebio C, Rashid MA, Bowen L, Foster A, et al. The Long Term 
Impact of Cataract Surgery on Quality of Life, Activities and Poverty: Results from a Six Year 
Longitudinal Study in Bangladesh and the Philippines. PLoS One [Internet]. Public Library of 
Science; 2014 Apr 18;9(4):e94140. Available from: 
http://dx.doi.org/10.1371%2Fjournal.pone.0094140 
163.  Organization WH. Prevention of Blindness from Diabetes Mellitus: Report of a WHO 
Consultation in Geneva, Switzerland, 9-11 November 2005 [Internet]. World Health 
Organization; 2006 [cited 2014 Sep 5]. 39 p. Available from: 
http://books.google.com/books?hl=en&lr=&id=zfFoDTrVY_EC&pgis=1 
164.  Köberlein J, Beifus K, Schaffert C, Finger RP. The economic burden of visual impairment and 
blindness: a systematic review. BMJ Open [Internet]. 2013 Jan 7 [cited 2015 Jul 
10];3(11):e003471. Available from: http://bmjopen.bmj.com/content/3/11/e003471.long 
165.  Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-
adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a 
systematic analysis for the Global Burden of Disease Study 2010. Lancet [Internet]. 2012 Dec 
15 [cited 2014 Jul 10];380(9859):2197–223. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23245608 
! 225!
166.  WHO | What is VISION 2020? World Health Organization; [cited 2015 Jul 15]; Available 
from: http://www.who.int/blindness/partnerships/vision2020/en/ 
167.  Polack S, Eusebio C, Mathenge W, Wadud Z, Mamunur AKM, Fletcher A, et al. The impact of 
cataract surgery on health related quality of life in Kenya, the Philippines, and Bangladesh. 
Ophthalmic Epidemiol [Internet]. 2010 Dec [cited 2015 Aug 17];17(6):387–99. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/21090912  
 
! !
